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COURSE CONTENT 


Displacement 

Velocity 

» Displacement-time graph 
Acceleration 

e Uniform acceleration 


roric-1 )» FORCE AND MOTION 


» Variable acceleration 

e Graphical representation of acceleration with velocity time graph 
e Newton's laws of motion (1 2") and 3" law) . 

e Linear Momentum 

e Lawof conservation of momentum 

e Collision 

e Elastic collision 

e Elastic collision in one dimension 

e Elastic collision in one dimension under different cases 

e Projectile motion 

e Characteristics of projectile motion 

e Time of flight 

e Maximum height 

e Horizontal range 


DISPLACEMENT, VELOCITY 


Rest and Motion 
The concept of state of motion and rest are described relative to the observer. 


e If a body does not change its state w.r.t surroundings, it is in the state of rest. 

° If a body changes its state w.r.t surroundings, then it is in the state of motion. 

A moving body can possess both states of rest and motion, depending on the observer. 
Three dimensional 


Two dimensional 


One dimensional 


Motion of body in a space is 
called three dimensional motion. 


Motion of body in a plane is 


Motion of a body in a straight 
called two dimensional motion. 


line is called one dimensional 
motion. 


When all three coordinates of 
the position of a body changes 
with time then it is said to be 
moving three dimensionally. 


When two coordinates of the 
position of a body changes with 
time then it is said to be moving 
two dimensionally. 


When only one coordinate of the 
position of a body changes with 
time then it is said to be moving 
one dimensionally. 


e.g. Motion of car ona circular e.g. Motion of flying kite. 


turn. 


e.g. Motion of car on a straight 
road, 


Motion of freely falling body. 


Motion of flying insect. 
Motion of billiards ball. 
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Distance 


The total actual path traversed by a body between its initial and final positions is called 
distance. It is a scalar quantity. 


Displacement 


The change in the position of a body in a certain direction from initial position to the final 
position is known as displacement. It is a vector quantity. 


e Displacement may be positive, negative or zero but distance is always positive 


Speed 
It 1s defined as distance traveled in one second. 
Velocity 


Time rate of change of displacement is called velocity. It is a vector quantity and may be 
positive or negative. Dishnee cvered In n® Second 


- — 
- Displacement Ad P i ———_ 
eae ge ¢ Noe Alen!) n= c€CM7! 
lime At Az r) >. / SS a 
= 4. ae, 7 A= } Pe as 
\ _ a7 d _ pody roving wrth Bun foen “fF Y CSO 4 rs ws ‘ 
io, Y af ey “psec = 2Ome' Psa COS es 
Uniform Velocity 


When a body covers equal displacements in equal interval of time, however small this time 
interval may be, then its velocity is said to be uniform. 


. Ifa body travels with uniform velocity v, for time t) and with uniform 1 vgtocay 
Mat 2 SPew, 


y2 for; 2 
Same duspny with “lfereT Core 
“tme to, then its average velocity will be a 5 re a 
Py , 2 oe ae v et = Ss 
“4. Sag] Vay Set 5h | Cis. Veaes ee 
i— 4) ‘ pe yah Ne . V+ Ya 
. * se ke +t t, +1, "A 
A “. / > a 
— LJ ye 22>, 2 
reeves 372, iG Sy lea? 


rst third of distance S afspeedot 10m st the secorid thitd at a speed 
of 20m e) and last third at a speed of 60 m s“!. Determine average speed of car. 
$3 S/3 S/3 
i 
A 10 B 20 C 60 
‘ = A came tle AB+BC+CD S$/3+S/3+S 
Tees “$3.83 53 
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snstantancous Velocity _ —— Typical Speed, = 
The instantaneous velocity y ofa body is define | Motion ar. 

as the Walking Ant Peed ms=i : 

Human Swimming -— — | 


jimit of the ratio of change in Position Ad Human Running 


(displacement) to the small-time interval At as At [Fyn Des : 
following an instant *t approach zero: Tortoise | ; 
- Ad 100 Meters Dash , 

Vv. = lim — , 1) 

"a0 At Running Cheetah | 9 

Falcon ina dive o 


or yout in animes iS velbvity ls Cilied speed Automobile | ro 
nitude of velocity is called spee die 6 
© The mag y P Jet Airline 5 


Velocity = Speed direction 
Speed and velocity, both have same unit ms! 
Speed is a scalar quantity whereas velocity is a 


Sound in Air | 
Moon around the 
earth 

Earth around the Sun 
Sun around galaxy 230000 
Light | 300000 
(Electromagnetic 

Wave) 


o . 
vector quantity. 


CRITICAL THINKING 


A.6m B.7m 
C.8m D.23m 


A body moves from point P to point Q with a speed of 6ms~' along a 


. straight line then from Q to P with a speed of 4ms~'. What is its average 
speed over the entire trip? | 
A. 4ms! B. 4.8 ms 
C.5 ms! D.55:ms" | 
ae In the given diagram, the coach moves from position A to B to C to D. What &s 


een : it 
the coach's esting CS cement and — ois el? 
te ts te 


10 min 3man 


Position (vd 
SSyards left and 90 yards 


A. 55) : 
C. 55vards left and 95 vards 


KETS -~ PREP BOOK 


Cranned with CaMCcanner 


Force and Mot;, 


any instant is feund by the slope of the displacement — ume graph. 
rest, the displacement — tme graph is a straight line parallel to the tip 


e F W t viv 
AXIS 
‘ For a body moving with constant velocity, the displacement time graph Is a straight fj, 
aclined to ume aNts ' 
. ¢ increases. the body speeds up and if slope decreases, the body slows down. 
Mas 
' ; ka =O} 
|} /¢ | ‘ ~| 2 tad iy = Very 
| / Con constant positive Velocity | is se aes.” a 
EE = | [ siepe = tan & Jn 
Xe ‘ positive | Velocity is increasing fa = 4Ve) 
7 +4 —_!' 
~~ aa 
= | | Constant (zero Velocity is zero 
_-* | (zero) elocity is zer 


f 
j Negaty 
a 


For vour Information 


—_) 
40 ys 
7 ; 
' ; 330 
t 8 . 
E toa Ad 
y ws 
BR S10 
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a a a ae aoe 
A At B time ——» am 


—-» lime 
A point P in Displacement-time graph shows 


The chord in displacement-time graph shows 
average velocity of a moving body instantaneous velocity of a moving body 
ACCELERATION 

Rate of change of velocity is known as acceleration. It is a vector quantity. If Av is the 


change in velocity in time At, then acceleration is given as 


Acceleration may be positive or negative. Negative acceleration is termed as retardation. 


|t indicates that the velocity of the body is decreasing with time. 
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eee 
j BY Wewm aunt Cars art. 
Uniform Acceleration—» (eae \ 
If the velocity of a body changes by same amount in same interval of time. then the 


acceleration of the body is known as uniform acceleration 


e If a body travels with uniform acceleration a, for a time interval 1, and with uniform 


: ; : : - af, +a,t 
acceleration a, for a time interval t, , then the average acceleration a= ++ 


t, +t 


Instantancous Acceleration 
Acceleration of a body at a particular instant is known as instantaneous acceleration. It 1s 
obtained from average acceleration as At is made smaller and smaller till it approaches 


zero. Mathematically, instantaneous is the limit of the ratio of the change in velocity Av 
to the time interval At as At following the instant t approaches zero. 
din: = lim = 
At>0 At 
The change in velocity can occur due to change in speed or in direction or in both. 
Variable Acceleration: 
The acceleration of a body is said to be variable if its velocity changes witht time in terms 
of magnitude or direction or both. The variable acceleration is also called non-uniform 
acceleration. 
GRAPHICAL REPRESENTATION OF ACCELERATION WITH VELOCITY TIME GRAPH 
The velocity at any instant is found by the slope of the displacement time graph. The 
slope of velocity time graph gives acceleration i.e. —> c iN Meare ure 


= tan@= Slope of graph. 


~ Ar U © cain tutia 
; : , Can fa pers 
° [he area under the v-t graph gives the distance covered by object. i 
° For a body moving with constant velocity, the velocity — time graph is a straight line 
parallel to time axis. 
° For a body moving with constant acceleration, the velocity — time graph is straight line 


inclined to time axis. 
For Your Information: 


Veloctty (mvs) 


Tere (a) 


Section of graph Gradient Velocity Acceleration 
A positive increasing positive 
B zeTo constant zero 
c negative decreasing negative 
D zero zero (at rest) zero 
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Various velocity - time hs and mete interpretation 
i tine aie rercmmente tc 
0. a =0.\ = constant ie. line parallel to time axis represents that ik 


z 
i 


i 
| 
i= 
3 | @ = 90°, a= infinite, v = = increasing 1.e., line perpendicular to time axis 
i / represents that the particle is increasing its velocity, but time does not 
° change. It means the particle possesses infinite acceleration. Practically jy 
| Is Not possible 


article Is moving with constant velocity. 


| | Q =constant, soa = constant andfv Is increasing uniformly ¥ i.e. 
fl | line with constant slope ee som acceleration of the particle 
is 
5 | | c= Vag +] 
os | eee 1 | 
_ 0 increasing so acceleration increasing i.e., line bending towards Velocity ' 


re | 
il | | axis represent the increasing acceleration in the body. 
id Appeiincreoniny | as We od jnevesy | 


_—_ 


| | 0 decreasing so acceleration decreasing 1.e. line bending towards time 
| axis represents the decreasing acceleration in the body. 
| 
| 


ens caring ie: LE AEY afi =” 


— U | 
Positive constant acceleration because 
9 is constant and < 90° but initial velocity of 
the particle is negative. 


Positive constant acceleration because 
8 is constant and < 90° but initial velocity of 
particle is positive 


_JeetsNegative constant acceleration because | 
—— ———~— - 

8 is constant and > 90" but initial velocity of j | 

the particle is positive ede Ly 

pe ore see 1 ee 


* [Negativ S)constant acceleration because 
nstant and > 90° but initial velocity of 
the particle is zero. 


Negative constant acceleration because 0 is constant and > 90° but initial | 
velocity of the particle is negative. | 
| 
| 


a 
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For your Information 


al 


—> lime 


Velocity -time graph represents acceleration, 
uniform acceleration and deceleration. 


Example: Which of the following graph represents uniform motion 


VA es WA 
A) i ees B) == Ci D) t— 
Solution: A) When distance time graph is a straight line with constant sentaloee than motion is 
uniform. 
Example: Velocity-time graphs of two cars which start from rest at the same time, are 
shown in the figure. Graph shows, that qs pep 


if 4 
\s Yen? 


A) Initial velocity of A is greater than the initial velocity of B 

B) Acceleration in A is increasing at lesser rate thaninB @ 

C) Acceleration in A is greater than ir B ¥ 

D) Acceleration in B is greater than in A >; 

Solution: C) Ata certain instant t slope of A is greater than B (@, > 9g), so acceleration in A is 
greater than B 


123 4456768 


Velocity (m/s) 


A. Case B B. In both cases same 
C. Case A D. None of these 


LL 
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Newton's Laws of Motion = 
First Law of Motion (Law of Inertia): It states that everybody continues to be in «. Ex 
rest or of uniform motion along a straight line unless it is compelled to change that a 
an applied force. is 

‘ This law qualitatively defines the force. 

‘ The inability of the body to change its state is called inertia. So, it is also known So 
law of inertia of Galileo. 

* Inertia resists change in the state of motion of the body. 

Second Law of Motion (Force and Acceleration) Th 
The effect of an applied force on a body is to cause it to accelerate in the direction ¢¢, 
force. The acceleration is in direct proportion to the force and is inversely Proportic.. ® 
the mass of the body. OR . 


A force F acting on a body is equal to its change in momentum per second 

F x Mass of the body x Change in velocity per second « ma 

“ F=kma (where k is a constant) 

But k=] . F=ma 
* Weight: The weight of a body is equal to the force with which the body is attracted}; 
earth towards its centre. 
| When force acts in | When force acts 


| direction of velocity | | opposite to direction 
| of velocity 


When force acts at som 
angle to the direction ¢ 
velocity 


When force acts 
perpendicular to 
direction of velocity 


Both magnitude’and 
direction of velocity 


changes 


Speed increases and 
| direction of motion 
| femain same 


Only direction changes 
and magnitude of 
velocity remain same 


| Speed decreases and 
| direction of motion 
| remain same 


When a stone and leaf are dropped from a 
building simultaneously then why the 
Stone reaches to the ground earlier? N 


E ‘ 
a : Ferny ass 60 kg is standing on a weighing machine placed on ground. 
alculate the reading of machine (g = 10 m/s2). 


Scien: A) Foret B)400N C) 200 N D) 100 N 
"\) For calculating the reading of weighing machine, we draw diagram. 
. ‘- vermall force) 


Weighing machine 


if 


W = Mg =60x10=600N WiWeight) 


KEN - > bod ———-—_———_—_—________-_SEE 


~~ 
KE 
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‘xample: A player caught a cricket ball of mass 150g moving at a rate of 20 m/s. If the 
catching process is completed in 0.1s, the force of the blow exerted by the hall on 
the hand of the player is equal to: 
A) ISON B)3N C)30N D) 300 N 
eat mv 0.15x20 
solution: F = —- =———— 
t 0.1 
F=30N 
Third Law of Motion (Action and Reaction Forces) 
It states that to every action, there is an equal and opposite reaction. 
, Action-reaction forces always occur in pairs. 
, If a body A exerts a force (action) on a body B, then B will exert an equal and opposite 
force (reaction) on A. 
When a force acts on a body then the reaction acts normally to the surface of the body. 


CRITICAL THINKING 2 


5. Newton’s third law concerns the forces of interaction between two bodies. 
Which of the following statements relating to the third law is not correct? 
A. The two forces must be of the same type 
B. The two forces must act on different bodies 
C. The two forces are always opposite in direction 
D. The two forces are equal and opposite so the bodies are in equilibrium 


LINEAR MOMENTUM 


“The idea of linear momentum was introduced by Newton who defined it as product of 
mass and velocity of an object”. 


smi 


> Linear momentum is a vector pointing along velocity 
. Linear momentum depends upon 
p ay p “am 


. p = 0 if v=0, how massive the body may be. 
SI unit of linear momentum are kg m.s"! or N s. 


Dimension of momentum are [ MLT™] 


Newton’s 2"? Law and Linear Momentum 


Consider a body of mass m moving with an initial velocity v, Suppose an external force 


F acts upon it for time t after which velocity becomes v, . The acceleration a produced 
by this force is given by 
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Equating the two expressions of aceeleration, we have 


Fuy, “Vv, 
mt 
or 
Fxtzmv, -mv, =Impulse oo... eee (i) 


Where my, is the initial momentum and mv, is the final momentum of the body, 


The equation (i) shows that change in momentum or Impulse is equal to the prody, 
force and the time for which force is applied. This form of the second law is mote ger, 


than the form F= ma, because it can easily be extended to account for changes 
body accelerates when its mass also changes. For example, as a rocket accelerate 
loses mass because its fuel is but and ejected to provide greater thrust. 

- = 
mMv,—MV, 

t 

Thus, second law of motion can also be stated in terms of momentum as follows. 
Time rate of change of momentum of a body equals the applied force. 


e The area under Force and time graph gives the Impulse. 


From Equation (i) F= 


—-» Force 


ew 
For Your Information: 
Impulsive force is a force which acts on a body for a very short time. 
For example : 
(i) A bat hitting the ball 
(ii) | The collision between two snooker balls 
(iii) Air bag in the auotmobiles have saved countless lives in accidents. The air bag increas 
the time interval during which the passenger is brought to rest, thereby decreasing the 
force on the passenger. 


CRITICAL THINKING “2 


What is the momentum of a runner of mass 65 kg who covers 4 | 
displacement of 100m in 40 sec? 


162 kg ms"! B. 140 kg ms7! 


A. 
C.150 kg ms D. 155 kg ms"! 
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LAW OF CONSERVATION OF LINEAR MOMENTUM 
Isolated system: In the absence of an external and unbalanced force, when two or more 
than to bodies are exerted the forces to one another during their collision is called isolated 
system. 

In an isolated system (p,),.. =(Pr)cat 
m:Vvi+m2v2 = 
The total lincar momentum of an isolated system remains constant. 

° Within the limits of experimental accuracy, it follows that the total momentum of A and 
B before collision = the total momentum after collision, 

° If there is a system of particles free from external os ” 


resultant force, p,,p,,p;..... being the linear momentum (1) , (3) : 

of its individual particle then p, +p, +p, +...... = constant 

Thus, for a system of particles the total linear momentum m,U,+M,0,=M,V,+M,V, 

cannot change, unless an external resultant force acts on 

the system. 

The principle of the conservation of linear momentum states that, if no external forces 

act on a system of colliding objects, the total momentum of the objects in a given 

direction before collision = total momentum in same direction after collision 
Example: Two railway trucks of mass m and 3m move towards each in opposite directions 

with speeds 2v and v respectively. These trucks collide and stick together. 


What is the speed of the trucks after the collision? 


Vv Vv Sv 
A) ri B) 3 C) vy D) = 


Solution: A) Momentum before collision = momentum after collision 
m,v, +m,v, =(m, +m, )v’ 
m(2v)+3m(-v)=(m+3m)Vv’ 


—mv =4mv' => y=-ly 
4 


Collision is said to be taken place if some sort of interaction appears between bodies due to their 


closeness. 
COLLISIONS 


Elastic collisions Inelastic collisions 
(K.E and linear momentum (only linear momentum is 
both are conserved) conserved) 


Elastic Collision in One Dimension 


Paths of particles 
° In every collision the law of conservation of momentum is hie 2 
always obeyed. -_ 
° The collisions during which the kinetic energy is conserved, 
together with the momentum are called elastic collisions. — PE Heinen Nucleus 
8 If the collisions are not elastic, they are said to be inelastic. Aproton couitsion with the nucleu: 
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silision, some part of the kinetic energy is converted into other form of 
7 CONS s 


, : sound energy etc i. 
ner sh as, heat energy. SO - sare ‘ 
a aa “ particles stick together and move as a single unit after collision, the 
If the colding 7% 


d to be perfectly inelastic collision. 


° During inelast 


. 
collision 15 Sat 


isjon in one dimension: ' ; Ie oft ? 
— om sgllision in one dimension is that one, in which colliding bodies do not deviate 
Elastic COMED 


fon their line of motion, after the collision. 
~ we of two bodies undergoing elastic collision in one dimension, we have 
. be © & : x 
wrt Vi = V2 V2 or vi- V2 =4v'1 - V2). 
Speed of approach = Speed of recession 
After collision, 


(m, —m,)v 2m,v, ,. 2my, ,(m,-m,) vy, 
= SO + or Lf a ae TE 3 
(m, +m,) (m, +m,) (m,+m,) (m,+m,) 
Elastic Collision In One Dimension Under Different Cases 
Case I: If m=m2 & v2=0 
then V'1= V2 & ve 
Case II: if mi=m2 & v2=0 
then v'i=0 & v2=v1 
In both cases | & II due to the same masses of the colliding bodies their velocities after collision 
got interchanged. 
Case Ill: If m)<<m & v2=0 
then v= -vV & v'2=0 
Case IV: if m)>>m2 & v2=0 
then Vi=Vi & v>2v1 


Collision Between a Body and the Floor or Wall 

. In this case, the floor or wall is considered as a body of infinite mass with zero velocity. 

. If the body strikes the surface normally, it is returned also normally either with its initial 
speed or with reduced speed. If the speed is not reduced the collision is elastic. 
The change in momentum in this case is —2 mv 

Examples: 

(1) A particle of mass having velocity ‘y’ makes head on elastic collision with another 

particle of the same mass and initially at rest. The velocity of the first particle after 


the collision is 
Aly C)-v 
B) ~ D)0 


Solution: If masses are same their velocities will alter, so velocity of 1* ball after collision = 
a velocity of 2™ ball before collision = 0 
A particle of mass m moving with velocity v strikes a stati icle of mass 2m and 
casieah dae ie ne tionary particle 


a; B) 2v OF D) 3v 
Sebution: mv +0=(m+2m)v’ 
Pa en 
jm 3 
ee ee 


ees 


Force and Motion 


In one dimensional elastic collision of two bodies of same masses, what will 
happen if the moving body collides with the mass which is initially at rest? 


A. Their velocities will be interchanged 

B. Velocities of both bodies will be zero 

C. Moving body will continue its motion 

D. Moving body will come at rest and the mass at rest will start its motion 


Projectile Motion 


‘ Projectile motion is a two-dimensional motion. The motion of the particle is constrained 
in a plane. 
a When a particle is thrown obliquely near the earth’s surface it moves in a parabolic path, 


provided the particle remains close to the surface of earth and the air resistance is 
negligible. This is an example of projectile motion. 

Terms Used in Projectile Motion 
Figure shows a particle projected from the point “O” with an 
initial velocity “v,” at an angle 6 with the horizontal. 

. The point C is called the point of projection. 

° The angle “6” is called the “angle of projection”. 

° The distance OB is called the, horizontal range (R) or simply 
range, the vertical height AC is called maximum height (H) or © S 


—— R-——* 


Y 


Vertical Range. 
° The totai time taken by the particle in describing the path OAB is called the time of flight 
(T). 
° Horizontal and vertical coordinates of projectile at time *t’ are given as; x = vi cos® t and 
y= vsindt - Sef 
° Trajectory of projectile is parabola in the absence of air friction. 
e If two identical balls are thrown simultaneously from same height, one vertically and 
other horizontally, then both falls to the earth simultaneously. 
Time of flight: 
F : Bh oh ot v,sin6 
° Time to reach maximum height is given as; t= : 
A whe: 2v,sin8 
e Total time of flight is given as; T= : 
Maximum Height: s 
v,’sin"6 


> Vertical range (height) is given as; H= 2g 


—- phos * . . . . 
gS Range tien) is a distance between point of projection and point at whic 


back to its level of projection. It is given as; 


h it comes 
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a 


g g ws hes 
2 Maximum horizontal range is at angle Practically uthee observed oo ie aye 
; of the trajectory is greatly affected by 
@ = 45° and given as; R,., = =i. the air resistance in the earth’s 
8 atmosphere. 

° The relation between range and the 

height of the projectile is R tan@ = 4H 
> With same initial velocity the range of projectile for two angles of projection will be 

equal if sum of the angles is equal to 90° i.e. 0) + O2 = 90° 
? Variation in the range and height with angle of projection is shown with the following 


sketch for same speed of projectile. 


H 
e When angle of projection is 76° then range and maximum height of projectile are equal to 
each other. 
Application to Ballistic Missile 
’ An un-powered and un-guided missile is called ballistic missile 
e Friction of air effects the horizontal and vertical motion of the missile 
a Ballistic missiles are useful only for short ranges. 


Powered and remote control guided missiles are used for long ranges and precision. 


How rockets accelerate in space? As 
there is no air in space to push against 
such that as a reaction rocket pushed 
forward. 


Example: Two equal masses (m) are projected at the same angle (0) from two points 
separated by their range with equal velocities (v). The momentum at the point 
of their collision is 

A) Zero B) 2 mv cos@ C) —2 mv cos8 D) None of these 

Solution: A) Both masses will collide at the highest point of their trajectory with equal an¢ 

Opposite momentum. So net momentum of the system will be zero 
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Example: Figure shows four paths for a kicked football. Ignoring the effects of air on the 
flight, rank the paths according to initial horizontal velocity component, highest first 


A) 1,2,3,4 B) 2, 3, 4, 1 C)3;4, 1,2 D) 4, 3,2, 1 
Solution: D) Range directly proportional to horizontal component of velocity. Graph 4 shows 
maximum range, so football possess maximum horizontal velocity in this case. 


CRITICAL THINKING "2 


A body is projected with kinetic energy K at an angle of 60° with the 


horizontal. Its kinetic energy at the highest point of its trajectory will be 
A. 2K B.K 


be = D. K 
2 4 
Four projectiles are projected with the same speed at angles 20°, 35°, 60° 
and 75° with the horizontal. The range will be the longest for the 
projectile whose angle is 
A. 20° BL 35° 
C.'60° D. 75° 
10. A projectile is launched at point O and follows the path OPQRS, as 
shown. Air resistance may be sin: pei 


> R 
7 a 


Which statement is true for the projectile when it is at the highest point Q of its 
path? oar 

A. The horizontal component of the projectile’s acceleration is zero 

B. The horizontal component of the projectile’s velocity is zero 

C. The kinetic energy of the projectile is zero 

D. The momentum of the projectile is zero 
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COURSE CONTENT 


Work 

Energy 

Kinetic energy 

Potential energy 

Gravitational potential energy 

Power 

Work Energy Principle 

Explain the work done against friction is dissipated as heat in the environment 
Implications of energy losses in practical devices 


The work done by a force in displacing an object is defined as the product of the 
displacement and the component of the force in the direction of the displacement is called 
work. 

W = Component of force in the direction of displacement * displacement 

W = (F cos0) (d) 

W =F scos0. F is force, s or d is displacement and 0 is angle 
between F and s or d. 


If 0 = 0° Then W = Fs cos 0° or W = Fs. It is the maximum value <Fcos > d 
of work. 

———_>——> 
If 6 = 90° Then W = Fs cos 90° or, W = 0, so work is zero s F 

S 
90” , 
If © = 180° Then W = Fs cos 180° or, W =—Fs 
180° 


s<——_Cr__ 5p 


ve ie is negative and is said to be done or, the force. 
© USOT Work is joule (J)\and in.C.G.S the unit of work is erg. 


CRITICAL CONCEPT! 


\ displaceme 


Topic-2 Work and Energy 


Work Done by Constant Force: 
Graphically work can be obtained from force displacement graph. The area under this 
graph is work done. Work is a sealar quantity, 


- 


0 d A 
Work done = Area of rectangle = (OA) (AB) = (F) (d) 
Work Done by a Variable Force 


Total Area = lim 2 Fcos0,Ad, = work done 
Od =] 


Example: A box of mass 1 kg is pulled on a horizontal plane of length 1 m by a force of 8 N 
then it is raised vertically toa height of 2m, the net work done is 
A) 28 J B)8J C)18J D) None of above 
Solution: A) Work done to displace it horizontally = F x s = 8 x 1 =8 J Work done to raise it 
vertically F x s=mgh= 1 x 10 x 2=20J hence, Net work done = 8 +20 = 28 J 
Example: A 10 kg mass moves along x-axis. Its acceleration as a function of its position is 


shown in the figure. What is the total work done on the mass by the force as the 
mass moves from x = 0 to x = 8em? 


iS) 
° 
¥ 


a (em/sec=) 
On 


on 


© 2 4 6 8&x(em) 
A)8J B) 8x 107) C) 16x 107) D) 4x 10°) 
Solution: Work done on the mass = mass x covered area between the graph and displacement 
axis on a-x graph 


= 10x~(8x107)x 20x10" =8x107J 
3 


Conservative Field 

° Ifa field satisfies following two conditions, it is said to be conservative. 

(i) Work done along a closed path is zero ice. Wroa = 0 

(ii) | Work done is independent of path followed by body but depends on final and initial 
position of a body. 

Example: Electric field, Gravitational field. 

Frictional force is non-conservative force. Other non-conservative forces are propulsion 
force on rocket, force of a motor, tension in string ete. 

Spring force F = kx is conservative force. 

Conservative field and conservative force has the property of storing energy in the 
system. This energy is known as P.E of the system. 


Es RON ie re nese 
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Work and Energy 


Topic-2 

Example: If W1, W2 and W3 represent the work done in moving a particle from A to B 

along three different paths 1, 2 and 3 respectively (as shown) in the gravitational 

field of a point mass m, find the correct relation 
B 


3 


A) Wi = W2= W3 C) Wi < W2 <W3 
B) Wi >W2>W3 D) none of these 
Solution: A) As gravitationa ure. So work done in moving a particle 
from A to B does n llowed by the body. It always remains 
same. 
Conservative forces 
ork done by these forces in carrying 
losed path is zero 1.¢., 


| field is conservative in nat 
ot depends upon the path fo 


Non-conservative forces 
The work done by these forces in carrying a 
particle around a closed path is not zero Le., 


Wootal # 0 
The work done by these forces depends 


upon the path along which the particle is 
displaced. In this case 


The w 
a particle around a ¢ 


Wootal =(0. 
3. The work done by these forces in displacing 


a particle does not depend on the path along 
which the particle is displaced. 
B 


1. 


(Wap) # (Waa) 


A 


Was = Waa 

ese forces the kinetic energy of the 
particle remains constant K.E; = K.Er e.g. 
central forces, gravitational force elastic 
force, Lorentz force, electrostatic force, 


magnetic force etc. 


Under these forces the kinetic energy of the 
particle changes K.Ei # K.Er e.g., frictional 
force, retarding force, viscous force, magnetic 
force due to an electric current etc. (all these are 


velocity dependent forces) 


3. Under th 


For Your Information: 
We can calculate the work done by a force on an object, but that force is not necessarily 
ou lift a body, work is done on the object 


the cause of the displacement. For example, if y 
by the gravitational force, although gravity is not the cause of the object moving upward 


CRITICAL THINKING 2 


A man pulling a bag with force of 15N at angle 60° with horizontal 
plane. If bag covers a distance of 10m, then work done by the man is 
A. 50J B. 75] 
2 eee D. 100 
seers diagram shows the velocity versus time plot for @ 
- The work done by the force on the particle is positive from 
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Topic-2 Work and Energy 
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Energy of a body is defined as its ability to do work. Units of energy are the same as that 
of work. The SI unit of energy is joule. Other units of energy are erg, foot-pound and 
kilowatt-hour etc. energy occurs in many forms such as mechanical, electrical, chemical, 
nuclear, magnetic, heat and elastic energy etc. energy possessed by a body is basically of 
two types: Kinetic energy and Potential energy. 


] | 
K.E =—mv™ 
2 


Relation between linear momentum (p) and kinetic energy: p’ = 2m K.E 


e 

° For two bodies having equal momentum -E, _ '™, 
K.E, m, 

e For two bodies having equal kinetic energies: Pi _ /™ 


Graphs of kinetic Ener 


CRITICAL THINKING 


3, A bullet of mass 20¢ is fired with velocity of 2000 ms~', the K.E of the bullet 


is 
A. 2000 J B. 4000 J 
C. 20000 J D. 40000 J 


4, The graph of kinetic energy (K.E) of the body versus velocity (v) is represented by 
as 

K K K K 

A. B. \e D. 
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Topic-2 —— 
POTENTIAL ENERGY 


possesses by the body by virtue of its 


GRAVIT ATIONAL 
j Ine: 2 erg 
The potential energy of a body is defined as the energy 
c a 
position or configuration. 
Gravitational Potential Energ 


face of earth: 


y of a body of mass m at height h from sur 


P.E=mgh 


g is raised vertically from surface of earth in a 


ss 100 2 
A body of mass PE of the body at height 100 m is 


gravitational field. The ciple 
c. is ; D. 980 J 
Power (P) 
en aks. P= a! 
Power (P) Tine 


. ° D, = C., 
If the point of application of a force F moves with a velocity v, then Power P =F.v or, 


P =Fv cos 9, 8 is angle between F and y. 
. Instantaneous power is given as; P= lim = _If <P> = Pins, then body does work at constant rate. 
Unit of power is watt defined as; 1 W = I J/I sec 
+ _ Dimensionally power is equivalent to [ML7T”] 
. | h.p = 746 watt = 550 foot pound/sec 
* Commercial unit of electricity is kW h 
since, IkW h=3.6x10°J 
° Kilowatt hour (kW h) is also known as B,O.T.U 
(Board of trade unit) 
B.O.T.U. = 1 kW h = 3.6 x 10° joule 
Example: From a water fall, water is falling at the rate of 100 kg/s on the blades of turbine. 
If the height of the fall is 100m then the power delivered to the turbine is 
approximately equal to 


B) 10kW D) 1000 kw 
Solution: A) 
Power = “ork done _ mgh 


t ~~) =100x10x100 = 10° watt = 100kW [As ROSS 100-*E (given) 
t sec 


Topic-2 
Work and Ene rgy 


CRITICAL THINKING" 


6. What is the power of an electric motor when it consumes energy of 9x10°Jin3s? | 
A. | hp B. 2 hp C.3hp D. 4 hp | 
| 


i f A man does a given amount of work in 10 sec. Another man does the same 
amount of work in 20 sec. The ratio of the output power of first man to the 
second man is 
A. 2/1 B. 1/2 


C1 D. 4/1 


WORK ENERGY PRINCIPLE 


Work done = Change in kinetic energy = K.Er—K.E; or w_! 


° If a car stopped by applying brakes, then the stopping distance s="* _. .,, 


Here F is the force applied by brakes and v is the velocity of car, 
Elastic P.E. 
E.P.E = 4k x? 
Energy height graph: 
When a body projected vertically upward from the ground level with some initial velocity 
then it possess kinetic energy but its potential energy(U) is zero. As the body moves 
upward its potential energy increases due to increase in height but kinetic energy 


decreases (due to decrease in velocity). At maximum height its kinetic energy becomes 


| energy 


zero and potential energy maximum but throughout th 


CRITICAL CONCEPT! 


remains constant as shown in the figure. 


# E If a spring is compressed, then work 
a done on it equals the increase in its 
, elastic potential energy. 
K 
Height 


WORK DONE AGAINST FRICTION IS DISSIPATED AS HEAT IN THE ENVIRONMENT 


Conservation of Energy 
Energy cannot be destroyed. It can be transformed from one form into another, but total 


amount of energy remains constant. . 
When a cup is dropped the P.E changes to K.E, but on striking the ground, the K.E 


changes to heat and sound but total energy at each instance is always consery ed. 


Kinetic energy + Potential energy = constant 


KETS - PREP BOOK 


Cranned with CaMCcanner 


ted as heat in the environment 


Work don 


Work and Energy 


sipa 
e against friction dissip psence of air, then; 


om height ‘h’ to earth’s surface 1n a 


If a body is dropped fr 

Loss in P.E. = Gain in K.E. 
I ree) 

mg(h, —h, )=5m n(v3 =i 

m height ‘h’ to ea 

FE + work done against alr. 


rth’s surface in presence of air, then; 
If a body is dropped fro 
Loss in P.E = gain in K. 


mgh = | inv’ +fh 
2 in gravitational field in the presence of air, then; 


vertically upw: ard 1 


s thrown 
Ifa body i n PE + work done against air. 


Loss in K.E = gain i 
1 gv? =mgh + fh 
2 


on a swing at ama 
passes through the mean post 
ately 


is sittin 
ee ae ition which is 2m above the 
e 


ground its velocity is approxim 


Example: 


oR ay = 5m 
he = om} a: ea 5 
A) 7.6 m/s C) 6.26 m/s 
B) 9.8 m/s D) None of these 


Solution: 


v=,/2a(h, —h,) = J2x9.8x3 =7.6ms" 


CRITICAL THINKING 2 
kJ 


8 A trolley runs from P to Q along a track. At Q, its potential energy is 50 


less than at P. 


Q 


At P, the kinetic energy of the trolley is 5 kJ. Between P and Q the work 
that the trolley does against friction is 10 kJ. What is the kinetic energy of 
the trolley at Q? ; 
* “ B.55 kJ 

, D. 65 kJ 
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ximum height of 5m above the ground. 


Work and Energy 


Y LOSSES IN PRACTICAL DEVICES 


IMPLICATIONS OF ENERG 


e Mechanical efficiency is the ratio of work output to work input 
e The efficiency of an ideal machine is 100 percent but an actual machine’s effi 
-ificiency w 
always be less than 100%. ia 
e Ifamachine moves a load IV through a distance h then the useful work done by th h 
© machine 


is called output. 


Output= Load x distance h through which the load moves =F. x D 


If an effort /, acts through a distance D,, then the work done on the machine is called input 
In put= Effort force x Effort distance. 
In put= FinxDin 

e The ratio of output to the input of a machine is called its efficiency. 


Efficiency= out put work 


Mathematically in put work 


_ Load forcexLoad distance 
Effort forcexEffort distance 


Te oul 


FxD, 


in 


Efficiency= 


The equation for percentage efficiency is 


Output work 


W 
100° = our 0 
eufavrork x100% =—"*" x 100% ~ 


Percentage Efficiency= 


e Evena very efficient device will waste some of its input energy in the form of heat due to the 


friction forces between different parts of machine. 


e Anincline is used as a simple machine. Which is a flate surface tilted at an angle. Which is 


commonly used to load truck, planes and trains. 
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Table 


[| A 
: ¥ | Efficiency _ 


(25-30)% 
Diesel engine (34-40)% | =10kg x9.8m/s? x 6.0m =588/ 
(35-40)% 
Output work 
Se Oe en 588 


Incandescent lamp 5% Efficiency=77 = 100% = aes 
|i |. nput work 000 «100% = 58 A 


02 
20% Pulleys are machines used to lift heavy loads. Mode 
: =. f ™M Cranes are comr 


Work and Energy 


Solution: First, find the work done to raise the block: 
= mgh 


Petrol heat engine 


Fluorescent lamp 
pulley system 


1=59% Answer 


Air craft gas turbine 36% 
| Nuclear power plant | (30-35)% 
(30-40)% 
(70-98)% CRITICAL THINKING? 


A small electric motor is used to raise a weight of 2.0 N through a vertical 
height of 80 cm in 4.0 s. The efficiency of the motor is 20%. What i * 
electrical power supplied to the motor? _— 


mune 


(50-92)% 


FOR YOUR INFORMATION 
Efficiency of some electrical equipment’s: LED light bulbs 
have been introduced to replace ordinary light bulbs, as they / 
are much more efficient. Let's take a look at a standard 50- ; A. 0.080 W 
C. 0.80 W D. 200 W 


watt, The energy consumption to use a light bulb like this 

would cost about 1278 Rs in a year. An LED, running over $ w 
the course of | year would cost only 26ORs to operate. 

Using these causes less energy to be wasted as heat. Recently developed, AC/DC fans can 
operate on less energy while producing a high airflow. In fact, they can cut down your power 
consumption by up to 65% and can operate on solar penal. AC/DC fans are designed to run on 
12V and consume around 26-35W. Ordinary Fan consume 75watt while AC/DC fans consume 
about 35 to 40watt so AC/DC fans are more efficient. 


Example 
A machine needed 1000J of energy to raise a 10kg block at a distance of 6.0m. What 
is the machine efficiency? 
(D) 50% 


| : * 25 
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Rotational & Circular Motion 


e Angle swept by a minute hand in one complete rot 
Angle swept by minute hand in one minute 


eso 


200M is \l 
. 


e Angle swept by minute hand 


iM > Munutes is 5 x 6 


‘es 


Ali goes around a circular track that 
rums around the entire track for a d 
angular displacement? 

4. 16 rad 

$3 rad 

SS9S degree im terms of radian is 


has a diameter of 20m. If be 
istance of 160m, what ss his 


Cc 


~ wSually not a vector quanon 


oF @.. = im 


=? & 
. Tameennal and enguler velocities are related as v= of 
. Sl wet of angular velocity is rad = 
. 


The maagmenade of 


am angular velocity is called the angule Seed wick 
Thepreseated by a 


S also 
Example: The amgelar velocity of seconds hand of 2 watch will be 


z 
A) — rad /sex 
x 


C) Gx radisee 
B) Sn rad'sec Dp redox 
x» 


The tame of change of angular velocity is defined as angular acccievation TP perticke max 
angler velocity ey at time & and angular velocity e@; af time t then 
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Retational & Civeular Motion 


cates ub whieh the distance between 


ONHES 


Angular Acceleration 


\ >) 


A bedy moves with comstant ancular velocity im a circle. Magnitude of 


anrear acteieraties 5 


\d 
Mt 


Linear veloerty, \ 


Linear displacement, d 
Acceleration or linear acceleration 
\N 
\t 
Mass, m 
] 


Linear momentum, p= Mv 


FxAt 


Impulse, lor] 


Newton’s laws in linear motion 
First law As F 


} then = ennctant or 
U then v = constant 0 


— f) 
¥- @ 


Second Law F=ma 
Third Law F_ =-F 


n vector farm centr al farce and acc: 
ce LOTT. Cemiiripetal force anc acc 

= a == mv - 

Pr: = re r=—-mrm = = 

r 
~ J SP a y \- y 
a. =-—Tw r=-w =--)| — Tr=-- r 
™ 


\O 


| Angular velocity, @ 
M 


| Angular displacement, 0 


\w 
Mt 


Angular acceleration, a 


Moment of inertia, | = m1 


Angular momentum, L = le 


Angular impulse = tx At 
; AL 
Torque, t = la = — 


Kinetic energy of rotation, KE, =— le 


Newton's laws in rotational metien 
First law As t = 0 then @ = constant 


Second Law == la 
Third Law t_ =-< 


Will => 
eT. = 
eictTapon Cano = 

: r - Fo=>— = om 
0 f 
4 ai-—-fF& 
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t speed in a herizontal circle of radius 


« of 2 kg rotates af constan 


AV VAVES 
TOPIC-4 WAWES 
v =< 
an object ef mae IP - 
t xampt _ f oe € m plete revolution & a What is the magnitude of the 
Sm. The time for © co 
resultant farce acting oF the object 


iw \ Progressive Wave (Crest, Trough. amplitude, wavelen; 
F N . =e ngth, time per . 
om 8 J Types of progressive waves | Transverse waves, Li , —s frequency) 
. pe mgitudinal waves) 
400%? | i Periodic waves (Transverse periodic waves, Longitudinal periodic waves) 
Are Ny v ) Speed of sound in air 
< Py F 
P Principle of superposition uperposition ¢ f sound waves 
Setstinn: B) F = mr . Stationary waves/ Standing waves 
. | Stationary waves in a stretched string fundamental frequency and harmonics 
wr . Doppler eflect 
= Simple harmonic motion (SHM) 
ne sa 
« $x} - N ; e Characteristics of simple harmonic motion 
; : : | 
e instantaneous displacement 
' e Amplitude 
| 
j ° Vibration 
. Time period 
* Frequency 
4 S00 kg car takes 2 round turn of radius 50 m with a velocity of 36 Introduction 
kavhr. The centripetal force is i . Wave is due to disturbance created in a medium 
a 250N B. 750 N | . Waves transport energy without transporting matter 
— 1 ; . e ° 
C 1200 N D. 1000 N Classification of Waves 
' 
| 
' Classification 
; of waves 
| 
| 
| 
Visible 
waves 
radio and 
T.V waves 
—-—_<< —————; 
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Waves 


WAVES 


(on the basis of 
nature ) 


ail, 


Electromagnetic waves 


Mechanical waves 
(require medium for 
propagation) 


string waves walter waves 


ogressive wave OF Traveling wave | 
direction. ©-g. 


(do not require medium for 
propagation) 


Radio 
Heat waves Light waves 
waves 


s that which propagates or distributes its pulses in 


° Pr 
space along specific 
Waves in a string 

Waves on a water surface 


(i) 


(ii) 
Types of Progressive Waves 
° On the basis of vibration of the particle, waves are classified in two types 
(a) Transverse Waves (b) Longitudinal Waves 
(a) Transverse Waves 
° The particles of the medium vibrate at right angles to the direction of propagation of the 
wave. 
. Crests and troughs are produced. 
resists any deformation of shape. 


It is because a liquid surface has property of surface tension which 
Transverse wave is not produced or possible in gases. 


Crest: 
A crest point on a wave is the maximum value of upward displacement within a cycle. A 
crest is a point on a surface wave where the displacement of the medium is at a 


maximum. 
Trough: 
A trough is the opposite of a crest, so the minimum or lowest point in a cycle. 


(b) Longitudinal Waves 
The particles of the medium vibrate along the direction of propagation of the wave. 


° Compressions and rarefactions are produced. 
Longitudinal waves are possible in all media i.e., solid, liquid and gas. 


° Periodic waves are those, which are repeated in regular interval of time. 
. Periodic wave may be transverse or longitudinal. 
Transverse Periodic waves 
° For trai S i i 
or transverse waves the displacement of the medium is perpendicular to the direction of 


propagation of the wave i i 
© wave. A ripple in a pond and a wave in a string are easily visualized as 


transverse waves 


=... —— — _______ 
32 


i 


‘Transverse waves may occur 
on a string, on the surlace of 
a iquid, and throughout a solid. 


Lay ie aioe cannot propagate in a gas or a liquid because there 
driving motion perpendicular to the propagation of the wave Te 18 No mechanism for 
In fluids, transverse waves die out very quick 
quickly and usually cann 
Ot be produced at ; 
al all 


In a transverse periodic wave time interval equal to time period, a particle in the 
- Wave travels 


a distance equal to wavelength. 
Do you know 


. For all waves v=fA 
Characteristics of Wave Motion The waves transport both energy and 
momentum in a medium. i 


(i) Frequency (f) 
The number of waves which pass a point per unit time is called the frequency of the wave 


motion. 
(ii) Wavelength (A) 

It is shortest distance between two consecutive points in the same phase. 
(iii) | Time Period (T) 


Time taken to complete one vibration is called time period. 


(iv) Amplitude (A) 
The maximum displacement of a vibrating particle from mean position is called its amplitude 
(v) Wave Velocity (v) 
The distance traveled by the wave in one second is defined as its velocity. 
+ The velocity of the particles of the medium is different from the velocity of the wave 
+ Wave velocity = frequency x wavelength v = fA 
i a relation v = fi holds good for any type of wave motion — transverse or longitudinal 
en a given wave passes from one medium to the other, its frequency does not change. 


We ‘i A, 
7 : , - : Be ka 

he particles in the wave separated by a distance which is integral multiple of 2 ie n> 
are in phase with each other. 7 


: The particles separated by a distance which is odd multiple of Ait 


| r 
[n > sp =(2n+ |)= are out phase to each other. 


Example: A sound wave of frequency 400 Hz is travelling in a gas at a speed of 320m s', What is 
the phase difference between two points 0.2 m apart in the direction of travel? 


1 7 
A) aes B) tad C) ce D) oF a 
a 2 5 
Cs ) 2 2 nN 
Solution: B) As v= fd so a=2. = 222 =0.8m , Phase difference =~ = —=x2n= "rad 
f 400 h oO8 2 
EE EE ee a ae 
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right as shown. Which 


— 4 t eard the 


> 
amplitude of the wave 
re h 


ne 


ware 


, apavends - 
& bes 


ere. 


eeeer < 


sralle] to the propagation of the 


es in air are longitudinal waves. 


oduction of sound 


| waves having three dimensional propagations in air. 
compressions and rarefactions. 
wding of particles of medium is maximum. 


Comapression 1s a region wher 
Rarefaction is region where crowding of particles of medium is minimum. 


waves produce Reflection, Refraction. Diffraction, Interference but not 


[1904 [iron «| 5960 = 
1535 | Pyrex Glass | 5640__| 
[1493 | Aluminum [5100 | 
1450 [Lead [2160 _| 
1103 | Rubber [1550] 


| Methyl Alcohol 
For Your information: 
© Sound is produced by vibrating objects. 
° Sound waves are longitudinal waves 
© Sound hz : 
has properties of all other waves: reflection, refraction, interference, 


diffraction 
ni 
34 


Se 


de —_ 


Speed of sound in air 

Newton's Formula: New 
> Newton 

elastic medium, the velocity js pated, w 


Sache on 
in 


— Wh 
7 ere © ts ’ 
Eis the modulus of elasticity of the Medium and p j 
PIs tts density 


Wave velocity in a med e 
: tum is fixed Way 
re velocin 
ia 


Note: 
depend on wavelength frequency and inlensity 


mat 
erial const, tt deg uae 


For Solids: Modulus of elasticity 
E= Young's modulus i 
of el y= 
- clasticity = Y 
Ye 
For liquids: Modulus of elasticity 
E = Bulk modulus of elasticity = B 


iB 
v= |j— 
Vp 
For gases: For a gaseous medium. Newton assumed that the pro —_ ee 
wave is an isothermal process (temperature remains constant). In this case use a 


Vv 


elasticity 
E = Pressure of the gas = P 
P 
v= |[— 
p 
Note: 
() The experimental results did not confirm to Newton’s assumption. Laplace corrected the 


formula by arguing that sound waves travel adiabatically. Hence, 


= 2 [RT _ fier 
p M m 


where, T is absolute temperature of the gas, M is its molecular weight and R ts universal 


gas constant. 
R 

k= y = Boltzmann constant, N = Avogadro number 
M 


= Mass of one molecule 


m= 


When explosion due to fusion | 


(ii) Velocity of longitudinal wave in: solid 
medium>liquid medium>gaseous medium 

Effects on the speed of sound in a Gas 

2 Effect of pressure: With the change of | 
pressure, the velocity of sound in a gas remains 
unchanged, that is, there is no effect of pressure on the veloci 

eS ee a eee 
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reactions take place on the 
surface of sun then why we | 
cannot hear their sound. 


ity of sound in gas. 
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Wave 
= s 
ee — = 
Tepic * | 
- 1 Thus, the veloeity of sound ts direct 
H ve " . 
revratare! \ ‘ ; e 
Effect of tome” \ heatute temperature 
. 
\ 
‘ 
‘ ‘ 
\ \ oll 


" p Te: fensity at air : 
sisture in the air reduces the re SULLA Whe 
? s es mh" t 
ture The prese 
I ffeet ef mors 
hat the spowd ef 


» its walue in dry an 


snee the velocity of sound in 
h nidity. Llenece tl 
! ase's With hut 
sound increase 

esull is 
om rere : | 1s varies inversely as the square of the density of 
u mim in a pas Ve 
2 specd of SOU 


F ffect of density 1} 


- P as <) 
, and pressure of gasc 


At the same temperature 
uN ‘ i 
> 


N 
Effect of Wind 


re > speed of sound . 
oving Le. there is wind, The speec in the 
If the aur carrying Soune 


i waves, is ttself m 


’ wink aliy nN eu c . “he vp 
| tol ¥ ad is (Vt Vw while against he wind is (vw wher \ 
1 halive c ) 
yon of Wit is 
rey 


{ v is the speed of sound 


INTERESTING INFORMATION 


wet Come 


per oe . 
ws 
hor your Information: 


seers eran tase 
1ases 
¢ The speed of sound is higher in liquids and solids than it is in gase 


the speed of wi vd are 


— One 


e The speed of sound in air increases 0.6 ms "for each 1 °C oaeregs \ ao 3 

¢ Ifthe speed of a body in air exceeds the speed of sound, then it is called supersonic, 
Such a body leaves behind ita conical region of disturbance which spread 
continuously Such a disturbance is called “shock wave”. These waves may make 
cracks in windew panels 


CRITICAL THINKING 


The speed of sound in air is a function of 
A. Wavelength 
C. Temperature 


B. Frequency 
D. Amplitude 


The velocity of sound in air would become double than its velocity at 
#C at temperature 


A Vy 
( 


Ls. 586°C 
D. 1172°¢C 


topie-4 


PRINCIPLE OF SUPERPOSITION / SUPERPOSITKC 


If (wo or more waves propagate simultaneously in a medium, then the resultant 


: lisplacement is given by the vector sum of displacement due to individual waves 
( { 
If the displacement given by the various waves to the particle are ft he eee . 
the resultant displacement of the particle is yy, ty, +y¥, +... y, 
Different phenomenon due to principle Of superposition are 
. 


(0) nee (b) Beats (¢) Stationary waves 
Interference of Sound 
Superposition (Mixing up) of two identical sound WEES while passing through same medium 
propagating along same direction is called their interference 
Conditions for interference 
(i) coherent waves 


(iv) identical waves 


(ii) same medium (iii) same direction 
(v) Sources of sound should be close to each other 
¢ In constructive mlerference, two interfering sound waves reinforce each other, so that the 
resultant is a louder sound 
Condition for Constructive Interference 
Path difference = nA where n= 0.41.42... 
e In destructive interference, two interfering sound cancel each other’s effect. so that the 
resultant loudness of sound wave is become fainter 


Condition for Destructive Interference 
Path diflerence [n re. pp Where n= 0,+1,4+2,... 
, 
e Echoing zone is region of constructive interference 
¢ Silence zone is region of destructive interference 
e Path difference is the difference 
point. 


Stationary Waves 


between lengths of paths traveled by two waves in reaching the same 


° Super Position of two identical waves traveling opposite to each other in the same 

medium simultaneously, gives rise to Stationary or standing waves 
o Points af anke ive interferenc 7 i i ) 

Points of constructive interference are called antinodes while points of destructive 

interference are called nodes as shown 

Antintes: 
Ps Noes > 
— - “ 
Manding waves 

. Amplitude is maximum at antinodes and minimum (zero) at nodes. 
. 


Nodes are stationary points whereas antinodes are points that vibrate with maximum 
amplitude. 

Two consecutive nodes or antinodes are separated by distance equal to 42 and an 
antinode and its consecutive node by 4/4 


Ye RO 
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; p mation: 
For your infor . : — ae a 
ones: 4 wave along a stretched ideal string depends , F 
The speed ofa é £2 g dey s only on the tension 


and linear density of the string and not on the frequency of the wave. 
Example: Progressive Win of frequency 300 Hz are superimposed to produce a system of 
} stationary waves in w hich adjacent nodes are 1.5 m apart. What is the speed of a 
progressive waves? . 
A) 100m s! B)200ms"' C) 450 ms"! D) 900 m =" 
Solution: D) The distance 1.5 m corresponds to half of a wavelength, A. The wavelength is thus five 
by A=2(1-5)=3.0m in 
The speed of the wave, v=fA= (300) (3) ~900 ms"! 
STATIONARY WAVES IN A STRETCHED STRING/FUNDAMENTAL FREQUENCY 
AND H ARMONICS : . ' 
° The vibrations of a thin, long and perfectly elastic string are transverse stationary, 
° On both the ends of string there are nodes, and an antinode is there in the middle. 


he 
y= ./— 
m 


Where T and m are respectively the tension and mass per unit length of the string. 


e The speed of transverse wave in a stretched string is given by 


° Modes of vibration in a stretched string are as under fy 
° If a string of length / vibrates in one loop then 2, = 2/ 
ve = : 
d frequency f, =—=—,/— - This frequency 1s called 
and frequency f, im 
the fundamental note or first harmonic. 
. If the string vibrates in two loops, then A=/ and 


1 ‘= 2f,. This frequency is called the first overtone or 
I 


second harmonic. 


° If the string vibrates in three loops, then 
Say _ — igs 
2 3 


f= = = 3f,. This frequency is called the second overtone or third harmonic. 


Both the odd and even harmonics are emitted from a stretched string. That is 
f,=nf,, where n=1,2,3 


Example: The frequency of the fundamental mode of transverse vibration of a stretched wire 
100 mm long is 256 Hz. When the wire is shortened to 400 mm at the same tension, 
what is the fundamental frequency? 
A) 162 Hz B) 312 Hz C) 416 Hz D) 640 Hz 


Solution: D) The frequency of the fundamental mode of a stretched wire is f = ‘3 (E 
20Vm 


38 


as 


Waves 


_ diagrams 


KETS 


An organ pipe is a pipe that sets in vibration the air enclosed in it wh 


into it. Asa result, sound is produced in it. en the air is blown 


Organ pipes are of two types — closed end Organ pipe and open end organ 
An open end organ pipe has both its ends open. _— 
A closed end organ Pipe has one of its ends closed and the other open 


In a closed end pipe a node is always formed at the closed end and an antin 
f iC 


ode is forme 
at the open end. ed 
Longitudinal stationary waves are formed in an organ pipe. 


Various stages of resonance in a CLOSED END organ pipe are represented 
= in 


i i the 
following diagrams. 


A | A A 
t A, 3A, 5A, 
| if | 
N N N 
If the length of the pipe 1-4 then A,=4/ , s. Frequency, f, = hans 
> hat 


This frequency is called fundamental frequency or fundamental note or first harmonic 


3h 4l 
If /=— then 24, = — - oF =e BY 
4 a Frequency, er an pes 


This frequency is called third harmonic or first overtone. 


52 41 
If /= oq then 2, = ry Frequency, 


This frequency is called fifth harmonic or second overtone. 


Only odd harmonics can be produced in a closed end organ pipe. That is 
f, =(2n—1)f, where n=1,3,5 


preeeee 


Longitudinal stationary waves are formed in an OPENEND ORGAN PIPE too 
The antinodes are formed at both the ends of 
an open pipe. 

Various stages of resonance in an open organ 
pipe have been represented in the following 


Under what principle a sound is 
produced in a flute? 
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This Trequenm ‘ 


harmonic 
¥ * ,. 
= hz thenf, if 
. if / = As then j 
led the second harmonic or first overtone 
This frequency tS calrcd Ue Ss ' 
v pri ; f \ 3N - 
ay ral io . requency. =— it 
. fl= 7 then A, 3 5 > 
* 
: juced in an open-end organ pipe. That 
} led the third harmonic are producec { 
This frequency is calle 


is f =nf,, where 1 1,2,3 


. The sound emitted by an open-end organ pipe 
No. of harmonics in open pipe 2 x No. of harmonics in closed pipe 
Example: 2” overtone of an open organ pipe resonates with 3™ harmonics of a closed 
_— pipe. The ratio of their length will be 


is musical 


2 , ro p) > 
A) - B) = = é 
! é a 
: ay & 2/2 «2 
— hy s4 8 


The ratio of the fundamental frequency of an open ended pipe to a pipe 
whose one end is closed is 

A12 B. 2:1 

Chl D.1:4 

Which one is the correct relation for fundamental frequency of open and 
closed pipe? 

A. Sages = 2 Fesromea 
C. fapes = Fete 


B. fisosea ~ 2fopen 
D. fopen = 1 fetosed 


= Effect (Frequency Shift) 
sie 


po apparent change in pitch (frequency) of sound is due to relative motion of source and observer 
poppler’s effect was discovered by Doppler, an Australian physicist, in 1845. 

’ apparent frequency of sound heard by stationary listener due to source moving 

° cowards him at speed “u’ ts given as, 


aw eX 


Apparent frequency of sound heard by stationary listener duc to source moving away 
Ap , 


from him at speed ‘u’ is given as; 


{(v+u _P 
f'«l—If f'<f or 4°=|— A'>d 
\veu L ee 
e Apparent frequency of sound heard by a person moving towards a stationary source 
with speed “u’ is given as: 
pal 22), fof or 3%) 12 Near 
\ V } \v+u, / 
7 Apparent frequency of sound heard by a listener moving away from a stationary source 
with speed ‘u’ is given as; 
— 
ere 
—r 
—e 
=e 
—> 
KETS PREP Bo 41 
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-4 . 
= Ses tt 
f — 
— 7 eo 6 4 car is traveling at 20 m/s away from a stationary observer. If the car's 
horn emits a frequency of 600 Hz, what frequency will the observer hear? 
(Use v = 340 m’s for the speed of sound. 
' 4 (34/36,600 Hz B. (34/32\(600 Hz 


Applcaneans of Deppler’s effect 


Shans and suhmarime (sonar devices 


B mets as 
a e Restoring force ts always Cirectec posiiion hence assigned negalive sien 
TA) Example: A simple harmonic oscillator has a time period of 10 seconds. Which equation relates 
ou a ae eee its acceleration a and displacement x? 
ivi _— 
4) a=—10x B) a=—(20z)x C) a=-(20x) x D) a=-(2= 
we) ene ases and blu ee aol al = 2% 


What is constant in S.H.M? 


A_ Restoring force 


S OF SIMPLE HARMONIC MOTION 


Example: A whistle gwing out 458 Hz appreaches a stationary observer at a speed of 3 Pies haat 

mt The frequency beard by the observer im Hz is (speed of sound = 330 ms) : RO Pip ie 

— ©)517 Laon 

Bis D) 500 equal time intervals. a nei 
Swomea: J ® Vibration is one complete round tip of 2 boc} 


_ 


¢ | 3 about its mean position aa 
Sila. "4 og * Time period is defined as time taken by vibrating Poet 
. denoted by T. 
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. f requencs number of vibrations per second and denoted by | { 


7 


Its unit Hiz. other units are vibrations’s, cycle rev/sec 


. Vnplituce maximum distance from mean position 


. \ngular frequency is) «@ nl i} mu 


It consists of a heavy point mass suspended from a rigid support by means of almost \ 
it Weip 


} rc bob of a simple pendulum is a sphe 
Mle example: a 


plugged hole near the bottom of the oscillating bob gets suddenly unplugged. 
During observation, till water is coming out, the time period of oscillation would 
A) first decrease and then increase to the original value 


und inextensible string 


' 
t B) first increase and then decrease to the original value 
; C) increase towards a saluration value 
O ne [—)) remain unchanged 
Solution: B) Centre of mass of combination of liquid and hollow portion (at position /), first 
: goes down (tof+AC) and when total water is drained out, center of mass regain its 


Galileo invented simple pendulum : (t 
original position (to £) 


. Motion of simple pendulum is S.H.M if there is no damping 
f 
T= an 
g 


2 Damping force reduces the amplitude of simple pendulum continuously and finally 
motion is stopped ils 
e In absence of damping force, restoring force on simple pendulum is given as; ‘.T first increases and then decreases to original value. 
f, = -mg sin®, and for small amplitude oscillations F =—mg0. For your Information: 
endulum is shifted from Karachi to Quetta, then its time period will be increased 
. Equation of acceleration of simple pendulum for small! amplitude is; a = -| g P ENERGY CONSERVATION IN SHM 
\l 
; Energy Conservation in SHM 
Thus @= V7 for simple pendulum and does not depend on mass like the mass-spring e Its K.E is given as; —_ if 
| : x? Bus 
system does. K.Eins = = ki { - =] 4 
. Time period and frequency of simple pendulum are given as; Xo \ 
I i yaa ; ; ; \ 
T= ant aint f= I fg (KE) = 5 kx It is at mean position ie a te 
2nV/ - - 
; % : ; : (K.E) min = 0 It is at extreme position. 
. If amplitude of simple pendulum is not small then, it has non-S.H.M as a = -g sin® and Ee 
we know that sin@= 0 only when @ is small. KE,,= (KE), t =| 
* A second pendulum has following characteristics; Xo 
Ree 
e 1 
Legh sd 0.99 cm or | meter PH etal 
Zz 
1 : wes 
ibrati PE) 2=—ke It is at extreme position. 
Every vibrating body produces a (PE) ou . 
sound. Does a simple pendulum also : iti 
5 = It is at mean position. 
produce a sound? (P E)min 0 
rr —t—‘CS;S”””C”~CSS 
fm KETS - PREP BOOK 
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f S.1M but frequency of TF; 


. mequency of KE and PE is twice of frequency 
Example: A mass of 8.0 ¢ oscillates is simple harmonic motion with an amplitude of 5.9 
mm at a frequency of 40 Hz. What is the total energy of this simple harmonic 


esciflater’ 


‘ Am! Cyé3ml 


D) 640 mJ 


Selstwa | 


{8 O~«10° 22 40) {SO«10°) 


A bedy performs S.H.M. Its kinetic emergy K varies with time { as 
indecated by graph 


eT. 


TOPIC-5 )) 


os = 


Thermal Energy 1s transferred from the 


lower temperature 


region of higher temperature to the region of 


First law of thermodynamics 


. 

- Specific heat and molar specific heat specific heat capacity 
Relation Cy — ¢ R 

. 
Internal Energy 

. 

‘ Heat and Work 
Temperature is sometimes called the degree of hotness or coldness of a body and is a 
quantity which is such that when two bodies are placed in contact, heat flows from the 
body at the higher temperature to the one at lower temperature 

HEAT 

- Heat is the energy which is transferred due to difference in temperature of the bodies. 

e It 1s a form of cneTgy 

s The temperature of a system increases if heat is supplied to or absorbed by it. 

. Temperature of system decreases when heat is taken out of the system 

° Often, if the temperature changes by an exchange of heat, then Q = me (AT) 
where m = mass, c = specific heat, T)-T AT = change in temperature 

. The unit of heat in MKS is joule, in CGS, it is erg and in thermal units calorie. 

. 4.2 Joule = | calorie 

Thermal Equilibrium: Objects A and B are in contact. Ifheat ows T. > tT. T= T. 


from A to B, then A is at a higher temperature than B. When 
the heat flow from A to B is zero, the two objects are in 
thermal equilibrium 


Heat Flow Zero heat flow 


Zeroth Law: When two systems A and B are separately in thermal equilibrium with a third 


Thus according to this law, temperature is thal intrinsic property of an 
object on the basis of which, we can say that whether the object is in 


system C, then the first two systems will also be in thermal equilibrium with each other. 


It means if, t t 
Ta = Te and [s] 
Leases 


Ta= Te then, Ta=Tp 


thermal equilibrium with another or not 


7 A thermodynamics system which is surrounded by a distinct boundary 
——— 
Fe ee 
! ! a 

(a) An open system which transfer both energy and matter. 

(5) A closed system which transfers only energy 

(c) An isolaated system which transfers neither energy nor matter. 

47 
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Thermodynami., 
AS, 7, (Sa 
CRITICAL THINKING 


iture of a human body is 98.6°F while its atmosphere 


1 q r - 
if Normal tempe 6°F. What will be the temperature of the dead body 


temperature is 84. 
such atmosphere 


in 


B. 98.6°F 


o other forms of energy total heat remains constant 


When heat is transformed int i 
ded and vice versa. 


AQ = AU + AW where AQ Is positive when heat is ad 


Thermodynamics 


RAP P 
NU SY 


Slope of 
p.Vv curve 


(i) Isothermal 
expansion of ideal 


water of 0°C 


(i) Burst of air 


(iii) Refrigeration 


AP P AP 
AV Vv AV 


(i) To supply heat 
al constant 


(iii)EXplosion in 


o 0 


oP i) Melting of 
A. 84.6°F D. 185°F aas tube volante: (i) Melting o 
S92 i5°F Bae? it) Dr, . a , Ice, 
C. 92575 Example (ii) Conversion of (ii) Propagation (ii) Atmospheric cs Boiling of | 
" ; 5 " r /NAMICS os {'s in air Uepearttmes C 2 
FIRST LAW OF THERMODYNAM ice at 0°C to of sound in air changes, eaten 


i F = | BOSES) oe ee ; 
AW is positive when work is done by system and vice versa. ‘sfarent Thermodynamic Driceas and Relative: 
Inferences from 1*' Law of Thermodynamics: AU = AQ - AW Thermodynamics Process 
inini 1 4 Heat energy flowing out 
| ~ (Heat energy flowing in )-{ Z ae 
energy as mechanical work t ' 
or soem fist E P r a 

° Internal energy is a state function. 1.e. depends on initial and final states 
° For a cyclic process, we have: AU= 0, Uj; = Ur Uaied AQ= AW — —_ — 
ISOTHERMAL PROCESS, ADIABATIC PROCESS, ISOBARIC PROCESS & ISOCHORIC PROCEsg ace 
Isothermal process is that in which temperature remains constant. curve Pp L aires Pendleycine 


AQ = AW as AU = 0 


lsobaric curve 


° Isochoric process is that in which volume remains constant. : PA 
Q= AU as AW =0 f \§ 

° Isobaric process is that in which pressure remains constant. AQ= AU + PAV PV Pl 2 

e Adiabatic process is that in which no heat enters or leaves the system such that £ 
temperature remain constants vas 3 


Note: Cooling is produced when adiabatic expansion takes place and heating is produced during 
adiabatic compression. 
COMPARISON OF DIFFERENT THERMO DYNAMICAL PROCESSES 


"se | Property Isothermal Adiabatic ee 
(Isochoric) 
| [contin T-constant, Q=constant, V=constant, 
AT=0, AU=0 ___| AQ=0 AV=0, AW=0 


Form of | AQ=0+ 0=AU+AW AQ=AU+0, 
first Law | AW=PAV AW=-AU AU=n CvAT 
P.V 

Diagram 


Isobaric 


P=constant, 
AP=0 
AQ=AU+AW 


aE: CRITICAL THINKING 2 aE 
2 Four curves A, B, C and D are drawn in the adjoining figure for a 


given amount of gas. The curves which represent adiabatic and 
isothermal changes are. 


P 
8 € 
nN 
- 
A 0 
Vv 


! v= : 
Jerome Sy DeBam Areca 
| Of state C. D and C respectively . 
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Thermodynamic, 


SPECIFIC HEAT AND MOLAR SPECIFIC HEAT/ SPECIFIC HEAT CAPACITy 
‘Amount of heat required to raise the temperature of a substance through | K is called hear 


capacity, denoted by (Oo 
Q=CmAT ! 
e Specific heat is the amount of heat required to raise the 
temperature of unit mass through unit temperature. 
Q=CAT 
Molar Specific heat at Constant Volume ) } 
Molar specific heat at constant volume is the amount of 


Molar Specific Heat, of 
Various Gases 
a OUS Rr ASCS 


x4 rad 
heat required to raise the temperature of one mole of the 
gas through 1K keeping volume constant. 

Specific Heat at Constant Pressure 


Molar specific heat at constant pressure is the amount of heat 
required to raised the temperature of one mole of the gas 


through 1K keeping pressure constant. 


Relation Cp — Cv = R: : 
e AQv=nCy AT (Heat supplied at constant volume). 


e AQp=nCpAT (Heat supplied at constant pressure). 
. Cp-Cy=R. 


Cc 
ac 

Specific Heat The heat required to increase the temperature of unit mass of substance by 1°C js 
called the specific heat of the substance. Q=mcAT or c= fOy" 


TYPES OF GAS 


Monoatomic 


Polyatomic 


Example: In an experiment to determine the specific heat capacity of a liquid by an 
i electrical method, a student obtained the following results. 


Final liquid temperature 


Lt What is the specific heat capacity of the liquid? 
oe a2 Ike! K C) 1800 J kg"! K"! 
BIBT ke K D) 2100 J kg"! K7! 
xe Setation:-D) The specific heat Capacity, ¢ = Be 


mAT 
_ Power x time = (1.0% 10°)(1 80) 
mass x AT (1.5)(357-300) 


a 


= 2100 Jkg'K"' 


50 


Thermodynamics 
CRITICAL THINKING 2 
Out of following whose specific heat is maximum? 
A. lead B. Brass 
C. Glass D. Iron 


ae al Energy 


rn - Avie : i 
ee The energy possessed by a system due to molecular motion and configuration is 
P considered as its internal energy. 

Internal energy of a system = Kinetic energy of its constituents molecules + Potential 
5 energy of its constituents molecules. 
Internal energy is a state function which depends on pressure, temperature, volume etc, of 


e 
the system. 

. The change 1n the internal energy of a system depends only on initial and final states of 
the system and not on the path followed. 

P For an ideal gas the potential energy of the molecules is zero. Here internal energy = 


and it depends on temperature. 
HEAT AND WORK 
“Heat is a form of energy which flows from the hotter body to the colder body till the 
temperatures of the two bodies become equal”. ; s 
° Work can be defined as the energy that is transferred one body to the other owing to a 
force that acts between them. The amount of work done by a system as it expands or 
contracts is given by: W = PAV 


Kinetic energy of molecules 


° Work is taken to be positive if the system expands against some external force. Work is 
taken to be negative if the system contracts because of some external force exerted by the 
surroundings. ‘ 

° Work calculation by indicator-diagram method: It is positive if volume increases and 


negative if volume decreases. 
(Cyclic process) 


{Positive } 
i Work } 


; V. V V, 
Wi i 

0 If area under PV-diagram is traced in clockwise direction the work done will be positive 

(expansion) and will be negative (during compression) if the area is traced in 

anticlockwise direction. 


Vv 


C Cyclic Process: A cyclic process is one in Positive , Noe 
which the thermodynamic variables periodically NE t XY 
return to their original values. In other words, 2 B 2 
the initial and final states of the system coincide. 6 vas 0 Vv> 
The work done by a cyclic process is equal to Cyclic Processes 
the area enclosed by the loop. ‘ 
RETS - PREP BOOK = 
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‘ , 


» ppphicationn of (ye 6 haps (Phaaadid P04 tee y Ava 
peocens wo ra Iii = 0, ‘Torcone, Sur Pitt Lar 8 107 y may é phesstie Th wdervert bea ON SPE wae 
canehude pew, phaaere prnernerl 
Cagpnisnen (Cmynenones IIs aaialadlae 


ALD. Lisesil dai aa 
finery HOHE wi 8 C aymened 
Chun inn, 004 Vien wierd 4! ways 18 
1 LH AADAW 9 LAW (EOLA 9 LAW 9% HA SHMAAL, WAN Ay 


4 ‘ve wor tone fe 


if ben/ey aie / Srrt heel LEX ath (4) MM LEE ah i RRL 
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Wine y Y 9M ," ¥ 
/ 
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’ 
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7 
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if 
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, 
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nf t, Amey, 4 ie 
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Electrostatic, 


é Does an electrostatic force exist between 4 charged and 
. 


an uncharged bodies? one 

«  If-an object transfers its charges to another object, will 
its mass be affected? 

e If2x 10° electrons are transferred from a glass rod to a 
piece of silk by rubbing, what will be the net charges on 


both objects? 


inci erposition 
Bee amie © the principle of superposition, total ie 
acting on a given charge due to number of charges is the 
vector sum of the individual forces acting on that charge 
due to all the charges. Consider number of charges q1, 42, 
q3--++--n are applying force on a charge q 


° Net force on q will be y 


Fre = Rath eo +Fr-i +F, 4, 
Your information: 2, 
se * A Charge is transferred from one body to another 
by electrons. 


. _Like energy and momentum, charge is also a conserved and quantized quantity, 
» Both electrostatic and gravitational forces between masses obey inverse square 


law. 
CRITICAL THINKING 


The number of electrons or protons which constitutes a charge of one 

coulomb is 

A. 6.25 x 108 B. 6.25 x 10'8 

C.1.6x 10 ; D. 1.6 x 10 

1, If the distance between two equal charges is reduced to half and the 
magnitude of charges is also decreased to half, then the force between 
them will be 
A. Remain same B. Decreased to half 

C. Increased to double D. Becomes four time 


ELECTRIC FIELD AND ITS INTENSITY 

Electric Field 
Electric field due to a point charge is the space surrounding it, within which electric force 
can be experienced by the another charge. 

Electric field intensity (F.) 


The electric field intensity at any point is defined as the force experienced by a unit 
positive charge placed at that point. 


: q (4.) = 
E-5.'4; a 

o r P 
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D 


Electros¢, 
nc (S1) ie 


Units 
jrection of electric field 


, Vm" and dyne/ stat —C (CGs) 


Flectric field (intensity) E is a vector 


quantity. Electric field due to a positive emcee x = =q 
charge is always away from the charge os os 
and that due to a negative charge is E 


always towards the charge. 


Relation between electric force and electric field 


Some of important properties are given below; 


(i) 
(ii) 
(iii) 
(iv) 
(v) 
(vi) 
(vii) 


In an electric field E a ch eS Se 

experiences a force F = gE. If cis 2 2 
cr . Tf charge is *e——+>F ——— 

positive then force is directed in the direction of field while if char : i ‘ f 

acts on it in the opposite direction of field. lk 

The electric field of a continuous 

charge distribution at some point. 


——+; 


Does an electric field exist in empty 
space? : 


Where q is the charge on one element 


of the charge distribution r is the distance from the element to the point under consideration 
ag SEN tg directed from the position of eliminated charge towards the poir ; 
where electric field is to be found out? POM 


The path followed by a tiny positive charge in an electric field is called line of force. 


Electric lines of force are imaginary li i iti 
nes starting from positive charge and e 
negative charge. ‘ ean 


Originate from positive charge. 

End on negative charge. 

Do not intersect 

Contract longitudinally. 

Repel transversely. 

No electric line is present inside the conductor, 
Tangent drawn to electric lines gives the direction of electric intensity 


(viii) Electric field is stronger where the electric li 
) ines are closely 
Equipotential Surface prom rs 


Fo 


Eo point of a surface is at same potential, then it is said to be an equipotential surface. 
€ direction of electric field is perpendicular to the equipotential surfaces or lines of force. 


The equipotential surfaces produced by a point charge or a spherically charge distribution 
are a family of concentric spheres. 


Equipotential surfaces can never cross each other. 
Work done in moving any charge over these surfaces is zero. 


r Your information: 


————eee 


There is no electric field inside the conductor. 


i. 2S ee 
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Electrostatic, 


= 


CRITICA. THINKING 


placed in uniform electric field E, the 


ed sphere is 
here will be 
B. Less than E 


A metallic charg 
electric field inside the sp 


D. Zero 
point charges, all positive. If the net 


ro, what is the value of —? 
x 


C. Greater than E 
The figure below shows three 


electric force on the center charge is ze 


4. 


4 
. AV 
riston: E=-—— 


Where negative shows that E 
: cali “E” potential gradient b 


(s) v 
Example: A thunder-cloud whose base is 500 m above the ground. The potential difference 
between the base of the cloud and the ground is 200 MV. A raindrop with z 
charge of 49710" C is in the region between the cloud and the ground. What is 
the electrical force on the raindrop? 
16*10°N D) 0.40) 


A)16=x10*N 8B)30~10*N 


— FOR THE FIELD STRENGTH 


ad . : 
* Ea—({ Inverse square lkw)=> 


- 


ic-6 


TOP 


GRAVITAT IONAL FORCE 
, - ANS 


. AN 
sF av itational rte FP 


particulars 


formula 
—— 
Range 


start 


gymbol of con 


Value of constant 


Nature 


S— 
Depencs 
Based int 


sPPLICATION OF GAUSS’S LAW (ELECTHIC : 
{NFINITE SHEET OF CHARGE, ELECTRSC Paste ae INTENSITY DLE TQ _ 
OPPOSITELY CHARGED PARALLEL PLATES) INTENSITY BETWEEN Tw: 


» Electric intensity duc to infinite sheet of charee 


tensity de ce two equal but opp< 


Electric po 

“Work do 
velocity. ie. ke 
ar WwW ~ 


A 


“If 13 of 
equilibrium, 
1V=1J/AIC 
Absolute electric potential at 2 distance ‘r’ from sour 
v.-_' 4 


{-- 
FAL 


Detween tv 
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Electrostatic, 


-6 . * ‘ 
— , sphere of radius 0.1 m is given a charge of 10 pc, The 


ting hollow ill be 
cinhe a Se iagetatil on the surface of dip Pa 10°V D) 9 10°V 
ele 


5 
B) 3 x 10°V 
A) zero 
22° Q_ 9x10? x10x10" _ 9x10°V 


Solution: C) Verte = Are 10" 


i 7 i at ven as; 
point chat ges is g 
q i due to co. 
lata point 


i lection of 

Absolute potentia ec 
1 od 
4ne, ja 5 


ECG records the 
the heart while EEG records that by brain. 


oltage between points on human skin generated by electrical process j, 
Vv a 


Electron Volt 
The amount 0 


volt. 
: 1.6x10°7°J and 1J =6.25x10'%eV 


It is the unit of energy specially used for atomic particles 


f energy acquired or lost by an electron as it traverses a potential difference 


if 
e 


due to a point charge with distance is 


jation of electric potential ( 
aa y, y-axis and r along x-axis) 


represented by the graph (where V along 


CAPACITOR (CAPACITANCE OF A CAPACITOR AND ITS UNIT) 
Capacitor is a device used for storing electric charge and electrical energy. 
° Charge stored by capacitor is given as; Q=CV Where C is capacitance of capacitor 
. Capacitance is defined as Ability of a capacitor to store charge. OR 
“The ratio of charge stored to the potential difference between plates of capacitor.” 


Mathematically, C= Q 
Vv 
e SI unit of capacitance is Farad. 
e 1 Farad It is defined as; 


Ke pope of a capacitor is one farad if a charge of one coulomb, given to one of 
© Plates of a parallel plate capacitor, produces a potential difference of one volt between 


them IF=1C/1V 
= 


CAPACITANCE OF PARALLET rl 
Capacitance of parallel plate Capacitor with ir teh 


N air betweer 


CapP®e5 


The above expression shows that- 

As we increase the surface area of plate the capacitan 
Decreasing the distance between plates will increase th ii 
[Introducing a dielectric between the plates will increase the ca 
Capacitance of a parallel plate capacitor with dielectric betw — 


i si . 
Coned =£,6, a: = OM vac so Cries > Cvac 


pielectric co-efficient or Dielectric constant 
Definition The ration of the capacitance of a parallel plate capacitor with a 
as medium between the plates to its capacitance with vacuum (or air 


= 
“med 


them. ¢€= 


r 


“vac 


CRITICAL THINKING 


6. In the presence of dielectric material, the electric field between the 
plates of the capacitor will be 
A. Zero B. Remain same 
C. Decrease D. Increase 
rh The graph shows the growth of charge with potential difference between 
plates, The area under the graph shows 


A. Capacitance 
C. Energy stored 


B. Separation of plates 
D. Electric intensity 


SEPARATION IS INCREASING 


Battery is removed Battery rem 
w— J —a nll eo 
Decreases because | Decreases because 
Capaci 1 
oy ee, je, CG, <C, Ca— ic, C, <‘ 
= a : 
. 


KETS - PREP BOOK 


Cranned with CaMCcanner 


Electrostatic 4 


ay Remains constant because a battery T Decreases because battery is present ~ 
i.e.,q, <4,- Remaining charge 


{ is not present 
Charge ie. *% (a, =; ) goes back to the battery, 
et eee V,=V, . 
| ial Increases because V = c (since battery maintains the potentia| 
Hess 1 difference) 
difference me Va 5 ie., V; > Vv, 
== zt — 


Remains constant because Decrease because E = 
E 


o 


andq, <4, SE gic, E. < E, 


| Electric field 
] 


2 l 
creases because U =—CV? 
Increases because U=s6 Decreases because L had 
Here C2> Ci and qi = q2i.e., Here C2 < C; but V2 = V1 i.e., 
U,<U, 


U, > U, 


SEPARATION IS DECREASING 
Battery remains connected 


Battery is removed 
Increases because C « ; ix, C #C) Increases i.e., C, >C, 


Potential 
difference 


Increase because battery is present | 


Remains constant because battery is not 
i.e., q, > q, . Remaining charge 


present 

i.¢., 4. = 

Decreases because V = q/C 
Vx <and C>Crie, V,<V, 


supplied from the battery | 


(since battery maintains the 
potential difference) 


= 


Increases because ¢ - 9 
Ag 


Remains constant because 
$ and V2= Vi ie., E, =E, 


Boe 


And q2>qi ie.,E, >E, 


4 


2 


Decreases because U = Ne 
2C 


Increases because U = =¢ V 


Here C2 > C but V2= Vi 
Lets> U, 


And in this case q2 = qi and C2 > C i.e., 
U, <U, 


* Charge on the plate of capacitor possesses electrical i the 
é potential energy because of the 
work done to deposit the charge on the plates. E 
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Energy is stored in electric field betw 
een th 


Seok Ae he pl: 
Energy = —| © |r,» € plates. 
gy | d [ea es. 


Energy Density =Energy/volume = | 


Example: A capacitor of capacitance 4 uF is 


capacitance 6 uF is char 
f ged to 30 V. wh ‘ 
energy lost by the 4 uF capacitor; —. ee te 
Pacitor is nested toge 
A)7.8 mJ a 
B) 4.6 mJ C) 3.2 mJ . 
D) 2.5 mJ 


Solution: A) 
= Cv, % C,V, 
common C,+C, =50V 


For 4 uF capacitor E, = +c y? Cv? 
HF capacitor E, = ra A 5 OM 


oe 
E,-E, = 5C(v'—ve)=7.8x10"5 


CHARGING AND DISCHARG 
D.C supply stores charges on the plate 

A.C supply does not store charge 

Charging and discharging time depends upon product of R & C 
The relation for charging of a capacitor 


ING A CAPACITOR 


f 

q=4G,(1-c*) 

This relation shows j 7 

Beas the eg ‘som of charging of a capacitor is exponentially, where q 

», uf P i “1 
Sie ass oy on the capacitor that stores after an infinite length of time It 
9 ging of a capacitor is diffe its differe : 

Be santed by p ifferent at its different Stages, graphically it is 


If time t= 1 r (1 RC) 
q=4,(l-e *) 


9=4,(I-€") => 4=4,(I-~) 


| 
q=a,(1- => q=0.63 

eh 271 i} “ite 
This gives that after one time constant, the capacitor will be charged 63%. 
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a 


tion: 
-our Informa 
For you >RC) 


If time t= 2 


}j 


ioe) COURSE CONTENT 
q=49.( Ohm’s Law 
Then q = 9.(1- e*) vole ; Electrical resistance 
ime constant. ee. te 
q = 0.864, citor is charged about 86% afier 2 tim E Seem resistance or Eesistiyity 
This shows that the e eahareat is given by . Effect of temperature on resistance (Temperature coefficient of resictar ; 
e The relation for dis A Internal resistance of a supply worstance OF resistivity) 
u - > . 
oa om 5 Electric power (unit of electric power) 
f t= ir( RC) ‘ Kilowatt-hours 
= : nt: 
et i=i041g, , ases exponentially and graphic Types of curre 
zi a ae discharging of capacitor also decre ally Alternating current (ac) Direct current (do 
2 : (i) (Pulsating de) C FS 
represented by 1 4 Magnitude and direction both | a 
as ] varies with time ' 
aS | 
o™“ t | 
i 7 ac — (Rectifier + de f _ de [Lnverter| 2c | 
ES Shy “ - Gi) _ Shows heating effect only (a) — heating effect, chemical effect and magnetic 
%% or there are 37% charges left on the capacitor tt of current 
it means a capacitor is discharged about 63% 0 (iii) It's symbol is —C)- (iii) It’s symbol is Sis. 
Iftime t= 27 (2RC) : 
a , The rate of flow of charge in a circuit is defined as current. 
q=4.e =9- 14q, ; % two time constants. . 
“or is discharged about 86% after 
This shows that a capacitor 's “ages i.e. Current = ENMIES or I= 8 or Q=lIt 
Time t 
Example: The current in a resistor is 8.0 mA. What charge flows through the resistor in 
Time Constant 0.020 s? 
- t=RC A) 0.16 mC B) 1.6 mC C) 4.0 mC D) 0.40 mC 
Its unit is "s’ 1.¢. secone. : : 63 times th Solution: B) Q=It 
« Time constant is defined as the time required by a capacitor to charge up to 0.63 times the )Q 
equilibrium charge on the capacitor. ; ; =(8.0mA )(0.020 s) 
« Charge reaches its equilibrium yalue sooner when time ees is smaller. =0.16mC 
’ 3 5 ‘ i i capacitor. : : ; 
"© Windshield wipers of car work by charging and discharging of cap ° Electric current is equal to charge that flows in one second. 
° Electric current is a scalar quantity. 


et = CRITICAL CONCEPT! 


After how many time constants the 
capacitor will almost discharged? 


Unit of current is ampere in M.K.S. system and stat ampere in C.G.S. system. 

and 1 ampere=3x10” stat ampere 

1 ampere = 6.25 x 10" electrons / second. 
Direction of current is from higher to lower potential. The direction of current is in the 
direction of flow of positive charge and opposite to the direction of flow of negative 
charge. 
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Current Electricity 


onduction takes place due to 


In metals electric ¢ 
akes place 


. 
and electrolytes, electric conduction t 


ions. 

Conventional & Electronic Current 
CONVENTIONAL CURRENT 
| Current due to positive charge is 
| called conventional current. 


= - : 
It flows from higher to lower 


potential. 
| It flows in direction along the 


direction of field. 
. Both conventional and electronic currents are flowing in a circuit, then total current wil] 


be given as; — hrota! = Ive + Lve 
Drift velocity (Va) It is the average velocity attained by free electrons on applying 
1 


ELECTRONIC CURRENT 
Current due to electrons or negative charges jg 
called electronic current. 


It flows from lower to higher potential. 


It flows from lower to higher potential. 


external electric field. In conductors, vy = 10°ms™ 
Current density (J) The current flowing per unit normal area of cross section is defined as 


‘ : I 5 
current density. i.e. J =5 (amp m~). Current density is a vector quantity. Its 
direction is from higher potential to lower potential or its direction is that of the flow of 
positive charge. J = neva where vais the drift velocity of electrons. 


* Aneleciric shock is a violent disturbance of the nervous system caused by an electrical 


discharge or current through the body. 


CRITICAL THINKING 2 


round a nucleus i s a model of an atom in which two electrons move 
- in a circular orbit. T. ; 
in 1.0x10- s, he electrons complete one full orbit 


electron )-- 


What is the i 
current caused by the motion of the electrons in orbit? 


A.16* 104, 
C. 1.6 107A 


B. 3.2 x 104A 
D. 3.2 x 104A 


(se ee ee 
flow of free electrons only. But in gases 


due to flow of both positive and negative 


je-7 


 ——— a 
Current Electricity 
if the physical conditions of the cond 
x (temperature etc.) remain constant thsathe 
applied potential difference is dire i 
proportional to the current flowing in it j — : 


or V=IR 


JaV 


R is constant called the resistance 
conductor. 


of the 


- Ohmic substances The substances which obey 
Ohm’s law is called ohmic substances vA eh 
are ohmic substances. Graph for a 
substances between V and lisa Straight line ale 


R= resistance 


hm’s law is valid only fi 
O uly fooes not obey Ohm’s law is called i 
BU esstastah tiie s ed non-ohmic conductor. Its 


straight line but a curve. It is shown in figure. 


as 
f For Filament For Didode 
¢ Slope of I-V graph is equal to conductance. . 
(If V along x-axis and | along y-axis) 
e Slope of I-V graph is equal to resistance. 
(If I along x-axis and V along y-axis) 
For Your Information: = 
© Flow of current is directly proportional to the potential difference. 


e ~ . 4 
Flow of heat is directly proportional to the temperature difference. 


CRITICAL THINKING 2 


Which one of the following material is non-ohmic: 
A. Gold 
C. Copper 


2 


B. Germanium 
D. Silver 
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Non-ohmic resistan Se pests 
=e ae wane resistances which do not obey Ohm’s law are called 

: € vaive i a ’ S te are called non- 

etc, are non-ohmic resistance ee valve, pentode, electrolytes, transistors, Torch bulb 

. s. Graph between V and I for non-ohmic resistances is n i? : 

ots SiS nol a 


a. 


Resistance depends upon 


Exam 


Current Electricity 


of a conductor, by virtue of which it opposes the flow of current in it, 


It is the property 
between the end of conductor 


V__ Potential difference 
I Current flowing in the conductor 
Unit of R is ohm in M.K.S. system and stat-ohm in C.G.S. system and 


| 
lohm = 77 Stat ohm 
9x10 


through which a current of | ampere flows on 
It across its ends, is defined as one ohm, 


(*=3) 
A 
R=p— 


The nature of material of the conductor o 7m 


Unit ohm The resistance of a wire, 
applying, a potential difference of | vo 


The area of cross-section of the conductor 


The length of the conductor (R < L) 


Where p is known as the specific resistance or resistivity. 


The temperature of the conductors. 


ple: From the graph between current i & voltage V shown, identity the portion 
corresponding to negative resistance 
; ¢ ,E 
B 
D 
A y 
A) DE B) CD C) BC D) AB 


Solution: R=V/i in the graph CD has only negative slope. So in this portion R is negative 


SPECIFIC RESISTANCE OR RESISTIVITY 
The specific resistance of a material is equal to the resistance of the wire of that material 


RA 
with unit cross-sectional area and unit length. eae 


so,ifL=ImandA=Im?  thenp =R ae (Y" 


Unit of p is ohm = meter 
n> 


Resistivity depends on 
(a) nature of material (b) temperature. 


Example: A wire /= 8m long of uniform cross-sectional area A = 8 mm? has a conductance 


of G =2.45 QO". The resistivity of material of the wire will be 


A)21«107Qm B)3.1*107Qm = C)4.1«107Qm___—D)S.1. « 10-7 Qm 


Solution: C) p= "4 A _ 8%10" _ 41 192 
} e i 1 Gl tens ? Om 
{ p not depend on the size and shape of the material because it is the characteristic 


property of the conductor material. 


: The Seah eager Patloy > Psemiconductor > Pconductor 
3 RR Ge Ie resistance (p) is minimum for Ag and maximum for silver, SO 
boas «tennis omakgpneerng naam Cuis second best conductor of electricity. 
ee =r | : i, Maganine, (alloys) and tungst re high value of P, 
| he hence resistance of wires of these toaterial is also a —a—er 
ge: fee ioaschover 
ca "Fics. : 66 


FFE ot | O 


Current Electricity 


FTES poy RESISTANCE (TEMPERATU 
“SISTANCE OR RES| : 
f ; : OR RESISTIVITY 
nu ae ike (¢.g. copper, aluminum) ee 
ture. e change in resistance js fa} ‘ 
es tance of ale resistance is fairly regular for normal range of te 
e ‘ae ey e ectrolytes, insulators (e.g. glass, mica : i 
i uctors (e.g. germé silic Y ceetage “a, rubber etc.) < 
semicon & Sage Silicon etc.) decreases with the increase s i “z 
i wire 2 iis ; as emperature 
eal ennai, ue oss not change with small change of eatin tae 
aa. ¢sistance of constantan is very small). Hence standar ae 
used in resistance boxes and post office box is made iP doce e standard resistance 
The reciprocal of resistivity is called conductivity 


RE CO-EFFICIENT 


ases with the increase of 


1 a a 
a and Unit of c is or mho 
p ohm» metre metre 
ature coefficient of resistance is the 
Temper esistance (a) [t is the increase in resistance per unit original 
R,-R : 


resistance at 0°C per unit rise (1°B) in temperature. @ = +! 


Its unit is per °C 
For conductors o is positive i.e., on increasing temperature, resistance increase 
For semiconductors (Si, Ge) and insulators (diamond quartz) ct is negative, i.e., on 
increasing temperature resistance decreases, 

Variation of resistivity with temperature 


if Superconductor 


p decreases with temperature padverenses with temperature and 


CRITICAL THINKING 


S. If the resistivity of the conductor is 2 x 10° Qm then its conductivity is 
A.2x 10°Q'm'! B.5 x 10° Q'm'! 
C.5x 1052'm'! D.5 x 10° Q'm'! 


pincreases with temperature 


becomes zero ul certian Leniperature 


INTERNAL RESISTANCE OF SUPPLY 
emf of a source is defined as potential difference between its output ter 
its internal resistance is zero or no current is being drawn from it. 

When charge carriers flow through a conductor, they loose their electrical K.E. In doing 


work against resistance, loss of energy !s compensated by source of 
ance called internal resistance. 


minals when either 


emf at same rate. 


Every source of emf has its own resist 
Smaller is the internal resistance of a battery, better 1 will be 
Terminal potential difference is a voltage between output te 
emf when current is drawn from it. 

We can relate emf. (€), terminal potential (V 
equation 
Vi=e-Ir 


a source of emt 
rminals of a source of 


.) and internal resistance(r) by the following 


OR ¢e=Velr 


ee 
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ot ail 

Fxample: A new flashlight cell of emf 1.5 volts gives a current of 15 amps, when Cohn: a erent Electrictty 
directly to an ammeter of resistance 0.04 ohm. The internal resistance of cel] pulbs oral power consumed es 
A) 0.04 ohm C) 10 ohm : Gy Pit bit P2+ P3+..+P, 
B) 0.06 ohm D) 0.10 ohm g 1f ‘n’ identical bulbs are in parallel Pio = np 

Solution: B) - Pconsumed (Brightness) « Pr « ic I/R ie. in paralle| 


combination, bulb of greater wattage will give more 
bright ae and a current will pass through it. rid 
d example: 1 wo bulbs are working in parallel order B i 
: - Bulb A is 
brighter eh bulb B. ane and Rg are their resistance Ee atectey th 
bs b uy s y then 
(A) Ra B B)I (B) Ra <Rp (C) Ra=Rg (D) None of these 
solution: (B) In parallel P - 
Pa > Pa (given) Ra < Rp 
Kilowatt-hour is a commercial unit of electrical 


4B 552 2 = ae 
R+r 0.04+r 


Solve 


CRITICAL THINKING "2 


In the presence of internal resistance of the source, which one of the 
following relations between potential difference (V) and e.m.f (E) is 


consumed & Brightness cc 1/R 


energy. It is defined as 


correct ee penen 9 power of 1kW is maintained through a circuit for 1 hour, then energ disdinatad 
A.E= 2 is 1k ” >; he ergy dissipated 
C.E>V DLE <V. | KWh= 1000 W ~ 3600 sec 

=3.6x 10°) 


J=2.77 x 107 kWh 
Power delivered will be maximum when R=r. Pmax =E2/r 


‘oule Thomson’s Effect & Power Dissipation eee 


J 
. When current flows through conductors, then a part of energy of current carriers is 
transferred to ions on their way, due to which their amplitudes of vibration increases 


which result in rise of temperature. The above phenomenon is known as Joule Thomson’, rd 
effect. Hence electrical energy is wasted that is given as; / “a 
W=QV —_ 

_W_QV ° Maximum power is delivered to a load R when the internal resistance of the source of 
Sat, emf is equal to the load resistance, also called maximum power transfer theorem 
Pty: The value of the maximum output power is 

2 2 <2 
P=PR = P= (P,.,)par === = 
R 4r 4R 
Where P represents the power dissipation. 
. Heat produced due to power dissipation is given as; 
=P xt 


=PRt=VIt=V7t/R 
. If 1J electrical energy is dissipated per second, then power dissipated will be 1 watt. 


A battery is used to light a 24 W electric lamp. The battery 


1 watt = IJ /Is provides a charge of 120 C in 60s. 
Combination of Bulbs: Pu Bany, 
Bulbs in Series: 
: Total power consumed — = ee ae 
| med 
total ! 2 
: ; i across the bulb? 
* If‘n’ bulbs are identical, pis ye Supply ee, the potential difference ea : u 
n Vv ‘ x0 V 
2 C.24V D. 120 V 


Pronsumed (Bri i ge 2 ; 
(Brightness) 2 Voc R *F_ b€. in series combination bulb of 


lesser wattage will 9} ine 
ge will give more bright light and p.d. appeared across it will be more. 


ener 
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Topic-8 \ ELECTROMAGNETISM 


Pe  COUNECONTANT. ay 


Magnetic field 
Magnetic Flux and Magnetc Flux Density 
e ina uniform magnetic field. 


Force acting on a charged particl 
Path followed by charge particle shot In the magnetic field in the direction Perpendicy) 
: Cular 


to the field. 


. Study of magnetic properties is called magnetism. 

. Study of magnetic properties associated with electricity and laws relating to the 

called electromagnetism. eM is 
iscovered as early as 600 B.C from Magnesia, g 


Iron ore magnetite (FesO4) was di cs 
lon 


. 
in Asia Minor, situated in modern Turkey. 
. Magnetic field arises due to moving charges. 
Characteristics of a Magnet [ DOYOKNOW 
. It has two poles. 
. North Pole of magnet coincides with the South 
Pole of earth’s magnet & vice versa. 
. Freely suspended magnet sets itself along N-S 
direction. | 
° An un-magnetized magnetic material can be 
magnetized as follows; Like electric dipole, a magnetic 
+ Byelectric method (passing strong D.C) pole consist of a south and north 
+ By Single touch or double touch methods. pole 
. Magnet can be demagnetized as follows; 
+ Bypassing A.C 
+  Byheating strongly 
* By striking a magnet again and again with a surface like that of earth. e.g by hammering 
Magnetic Effect of Current 7 


When an electric current is passed through a conductor then a magnetic field is produced 
around the conductor. It is called the magnetic effect of current. 

Magnetic field (B): The region of space around a magnet in which its magnetic effects are 
experienced, is defined as magnetic field. 

. It is a vector quantity. 

. Unit intensity of magnetic field (B) is weber m~ or Newton/ampere x meter or tesla in 
M.K-S. system and Maxwell/em? or Gauss or Oersted in C.G.S. system. 


Right Hand Rule 
If the wire is grasped in fist of right hand with th inting i itection of 
z e thumb pointing in the direction of the 
conventional current, the fingers of the hand will circle the wire in the direction of the 


magnetic field 
. F - - . 
ollowing figures should be kept in mind about direction of magnetic field. 


oC) 


pn paper] 1-[Out of 
B-Clockwise a Paper, 
B- Anti-Clock ves 
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Electromagnetism 


CRITICAL THINKING 


i Magnetic field lines fo 
A. Open rm __loops from Pole to pole 


ae B. Closed 
D. Either closed or branched 


MAGNETIC FLUX 
Magnetic flux is a measurement of the total magnet e=BA 
field lines which passes through a given area gnetic . oT 
The scalar product of magnetic field strength (B) and th a 
vector area (A) is 8 and the ‘ : 
o=BA. SA\K, 
ie mnaench® field is not perpendicular to the plane, but Aree Wr7K 
makes an angle 0 with the normal oT, ate A 
to the plane the flux vega er 


linked with the plane will be 
$ = (B cos®) A= BA cos6 


Maximum Flux: 
If the angle between B and A is 0° the flux will be maximum 


max = BA 


Minimum Flux: 
If the angle between B and A is 90° then magnetic flux will be zero 


min =0 
Unit of Magnetic Flux: 
The unit of magnetic flux > is weber. 


Magnetic flux density: 
The magnetic induction B is the flux per unit area of a surface perpendicular to B is also 


called as flux density. 


° Formula; B= o 
A 


° weber metre” 
° Newton/amp-meter. 
° Unit of B is also called tesla. In C.G.S. system unit of magnetic flux density is gauss 


wl tesla = 10* gauss 
FORCE ACTING ON A CHARGED PARTICLE IN A UNIFORM MAGNETIC FIELD 


Magnetic Force on a Moving Charge 
When a charged particle of charge q is moving with velocity v in a magnetic field B atan 
angle 0, then force acting on the particle: 
ia =q(vxB) or F = qvB sinO 
Where 6 is angle between v and B. 

: Direction of force F is perpendicular to both v and B. 
“Fleming's left hand rule”. 
For electron F=—e (v x B) and for proton F=+e{ vx B} 


this direction can be found out by 
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PATH FOLLOWED BY CHARGE PARTICLE IN MAGNETIC FIELD 


e~ 


Electromagnet; 
Sm 


CRITICAL THINKING 2 


A 2MeV proton is moving perpendicular to a uniform magnetic field of 


2.5T. The force on the proton is: 
A. 2.5 x10°°N B. 7.6 x 10°''N 


C.2.5 = 10''N D, 7.6 x 10°?N 

A proton is moving along z-axis in a magnetic field, The magnetic fie|q is 
along x-axis. The proton will experience a force along 

A. x-axis B. y-axis 

C. z-axis D. -ve z-axis 


If v =0, then F=0 be 
1f@ = 0°, then F = qvBSin@ = 0 ; T 
So the particle will continue to move in meexex |x x 
straight line with the same speed. <a , 
If = 180°, then F=qv Bsin180 orF=0 a 
Here also the particle will move in same | 9 an ' 
direction in straight line with same speed. q B ee x x 
If 8 = 90°, then F = qvB sin 90 or Fmax = qvB 


In this case the charged particle will move in circular path and the plane of the circle jg 


perpendicular to B. 


2 


qvB = acl 
r A force exerts on a moving charged particle in 
ae eae a magnetic field, but in what direction it 
qB | moves that the force does not exert on it? 


ris called radius of circular path or cyclotron radius. 


:. Angular velocity or angular frequency of the particle: w= ~ = ae 
r om 
So, a= 8 But w=2nf 
m 
er ee 
2x 2am 
Also ti ; ; 
sine’. Period oF patticle Ta7=2am and kinetic energy of _ particle 
| 
KE= Lind = Pe rgB : 
2 Da ane 
22 
so Ke=raBt 


r 
2m 


a 
@ 72 


pic® 


70 Electromagnetism 


1f 0 lies between 0° ard 90° 


, then th ‘ 
yang © path of the particle is helical or helix 


—_ 
x 


4 y cos 0 


_ mysin@ 


Here radius ofhelix r and pitch of helix 


2mm 
q ee ee 
q qB 


e Particle in An Electric and Magnetic Field 


x = vcos xT = vcos 0x 


Force on Charg ez sats 
As, F, =, and F,, =q(vxB) 


o  F=E+F, 
Be FacE+a(vx5) 
Mori eanete pole | 
LLL 
a a Magnetic force of 
Electr é ® F Electric Magnetic magnitude qvBsin® 
force q F Field Field perpendicular to 
essere ----- both v and B, away 
s from viewer. 
Where Fis called Lorentz force. If charge is of mass ‘m’ in uniform electric field, 
ee. F 
a=— 


m 

+ Electric force does work 
+ Magnetic force does no work 
Example: A particle of charge —16x10-'’ C moving with velocity 10 m/s al 
enters a region where a magnetic field of in 


electric field of magnitude 10‘ V/m is along the negative z-axis. If the charged 


particle continues moving along the x-axis, the magnitude of B is 


A) 10° Wb m? B) 10° Wb m 
C) 10!° Wb m? D) 10 Wh m 
—. . . BE ow ; 
Solution: A) F=h+F,,F=qk+ q(¥xB) 0 =B 10'Wbm 
m \ 
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Difference between Electric and Magnetic Forces 
Electric Force 

Electric force on a charged particle is 
always collinear with the field. 
Electric force (qE) is independent of 
the state of rest of the motion of the 

charged particle. 
Electric force does work in displacing 
the charged particle. 


Magnetic Force 


Magnetic force on a charge particle 


‘ is; 
perpendicular to the field, S alway, 


Magnetic force is velocity dependent 


only when the charged particle is in er act, 


NOtion, ; 
Magnetic force does no work when the 
charged particle is displaced, 

Magnetic force, 


Fe q(¥x B) 
=qvBsin0 
When 0=0 


Force = 0 
When 0 =90° | 
F = qvB(max) | 


Magnetic force is always non-central, 


4, An electron moves in the negative x direction, through a uniform magnetic 
field in the negative y direction. The magnetic force on the electron is 


v 
B 
z 


B. In the positive z direction 


A. In the negative z direction 
D. In the positive y direction 


C. In the negative y direction 


5. Two charged particles M and N are projected with same velocity in a 
uniform magnetic field. Then M and N are: 


x x x x 
- ‘eee and a-particle respectively 
. es ii and an electron respectively 
. : electron and a proton respectively 

- & protium and a proton Tespectively 


Electromagnetism 


e/m of a charged particle can be given as; 


‘ m Br 


Where R is determined by Thomson's apparatus while velocity is determined by 
following two methods: 


potential difference method: y pv : 
m 
Gracey, 
so that 7) 
m Br 


Velocity selector method: v 
¢ E 


so that , = 
Mi Bar 


The value of © is equal to 1.7588 x 10'' C/kg 
m 


Example: Four particles independently move at the same speed in a direction 
perpendicular to the same magnetic field. Which particle is deflected the most? 
A) a copper ion B) a helium nucleus 
C) an electron D) a proton 
Solution: The force exerted on a particle by the magnetic field is given by Bqy. As this force 
provides the necessary centripetal force to deflect the particle ; 
mv “s ‘ mv 


Bqv=——->r 
r 


Bq 
For a large deflection, r is small. Among the four particles, the electron has the lowest 
i) oe 
— ralio. 
q 


CRITICAL THINKING? 


An electron enters a region where the electric field E is 
perpendicular to the magnetic field B. It will suffer no deflection 


if 
A. E= Bev 
C. E= Bv 


B. B=eE/v 
D. E= Bev/2 


EEE eee Se 
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AIS _7 
. Electromagnetic induction i, 
. Faraday’s Law 
° Lenz’s Law and conservation of energy 
2 Alternating Current Generator 
° Transformers 


ELECTROMAGNETIC INDUCTION 


° “When the magnetic flux linking a conductor changes, an ¢.m.f is induced 
Ss ‘ J LCG in th 


conductor, this phenomenon is known as electromagnetic inductior 


. - Ind ictior 
change in flux linking the conductor (or coil) MN is th, 
“ The product of number of turns (N) of the coil and the magnectc flux (D) link 
d IKinrip 


is called flux linkages ic. 
Flux linkages = N® 


DO YOU KNOW 


a Wines ay 
, 
RY ee 
Electronic card swapping system 
| based on the electromagnetic 
induction theory 


Faraday’s Laws of Electromagnetic Induction 
Faraday has given the following two laws regarding electromagnetic induction 


. Whenever there is a change in the magnetic flux linked with a circuit, an induced emf} 
produced in the circuit. If the circuit is closed, an induced current flows through it The 
cuurent flows only so long as the magnetic flux is changing. 

. The induced emf is equal to the negative rate of change of magnetic flux. Thus, if Ad be 
cae in flux in time interval At, then the induced emf in the circuit is 
e=—— + N number of turns, ee 

. The ive si - 

J negative sign shows the induced emf opposes the change in magnetic flux. 


if rate of i i 

change of magnetic flux be in weber/sec, the induced emf will be in volt. 

* If the coil contains N tums ¢ =n - 4(N$) 
At At 
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ee 


Electromagnetic induction 


A flat cireuit coil of 120 turns, each of area 6.70 m’, in placed with its ax 
parallel to a uniform magnetic field. The flux density of the field in « 
steadily from 80 mT to 20 mT over a period of 46 
A)O 3) 130 mV C)170 


hange 
s. Induced emf will be 


/ 
prry y } 


(49 —~20)~10 
12070.0707 


4% 
0.126 V 
130mV 
{nduced Current 
5 Ad 
f y, ‘ on ' r P 
nduced emf in a coil is given by & N ifn 
At 
of its circuit be R, then the induced current in the circu tank J 
B RAS 
{nduced Charge 
The charge flowing through the circuit in trr 
N Ad N 
qg=i~At x At Ae 
R At R 


Emf (21) is induced in circular coil of 100 turns in which magnetic flux 
changes from 20 Wb to 40 Wh in 1s. While emf (ez) is induced 
another coil of same number of turns in which magnetic flux changes 
from 30 Wh to 150 Wh in Iminute which of following is correct. 


B. ey) > e 


wd 


LENZ’S LAW AND CONSERVATION OF ENERGY 
According to Lenz’s rule the induced current produced in a close: 
such a direction that it opposes the cause duc to w hich it has been p 

. Jn general, the direction of induced emf of current is determince by 
of motion of straight conductor in a magnetic field, it can be also be determune 
“Fleming’s right hand rule. 

® When the north pole of a magnet moves towards a stationary loop, af 


flow in the anticlockwise sense as seen from the side on which the magne 


aA 


anticlockwise sense corresponds to the gencration of north pole }4 
motion of the approaching N-Pole of the magnet 
* 
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opie -9 Electromagnetic Induction 


me Nude X gieet ES @ROVENT away FO eo Re CUTERU TT flows a : whl Sing) also e=Ne@ABSinat 
. 4 > . \ the Ni -* ‘ 
cawads & the poReration of south-pole AS rho s Sax = N @ AB when @= 900 
iw SRS AS S ‘ ‘ (he ing . 4 ¥ 
ve Ray Sear SIN Ot lf o= 25 . 
“ bane CREUNS De A wig NO x then x ax ‘ e 2at. then 


S = Sean Sin2aft 
of potential difference, V = V. Sin 2xft 
> of current, 1=1, Sin2z-ft. 


the frequency with which the d 


gkistan I 


e ms ee 
Fer yeur Information: 


. current im ceedwcter increases. then accerdime te Lenz's law self - 


mond vate +i 
~ In ac generator, ac current reverses its direction 


by Ghee dhecruas shows: @ 2 bar masect © moved along the commen 


z ._ ove S Monte 7 = ~ —_ - > f 

3 incest coe & a a eee ET which is connected he 

C indeced cuz Sk aaa ae -4 primary while the other which & 

D Casem s maued o a ee ee ee 3 ken called secondary. Ihe 

~- -= » = = = a = - s Sux 

7 = anes As 
4 bet ed ea sw ~m “ za > 
2 ES a commecicr N Xe 
UT Isr nica sun a" l as 7 


- 
= : me 4, a - 
or  Mdwoes the ade of in 


aoe muminey of looms 


a eC‘ 
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Electromagnetic Induction Topic 
Topic-9 
_———————— a 


Efficiency of Transformer 


If a primary coil of transformer js 
connected to a D.C source, is there an 


Now there are two possibilities ‘ 
N N, the transformer is said to be 


emf induced in the secondary coil? 
“step up” and it increases voltage and 
Ste © 


reduces current 


” SEE cy Vins aa ; 

former is said to be “step down” and it reduces voltage and increases 
“4 ! > fransio' ec s 

N, < Np the transic 

current. 


Electromagnetic Induction 
Ideal transformer, efficiency is 100 
always less than input Power, so e 
efficiency of transformer is very high 


% or |. but in ac 
f 


ficiency also al 
(and is of the o 
Efficiency is given by y= Output power 


Input power 


tual transformer out 
Ways less than 1() 
rder of 90%). 


Put power is 
0%. In general 


*100. In terms of secondary and Primary 


I 
voltages and currents, ee ee 
& V,I, Also since, Input = Output + ones tak 
; , ver on D.C. pane a] 
as rks on A.C. only and ne ; cco 
Transformer wor i =nt but not both simultaneously __Outputpower I 
+ ace'eithe Itage or current bu =abeteip = 
crease lecrease either voltag 
It can increase or ¢ 
: (as power = constant) = putp es, 


i of 2.5 
he secondary coil of an ideal transformer delivers an rine thr ea Atoa 
Example: T a vamer of resistance 8.0 Q. The r.m.s current in the er is : 
“ap is the r.m.s. potential difference across the primary coil? 


CRITICAL THINKING 
A) 3.5 V B)5.0 V C)57V ‘ D) 80 V 
Solution: B) rm.s potential difference across the secondary coi : a. —— Re , 
=(2.5)(8) secondary turns to the primary turns is 1: 20. A 240 V ac supply is 
connected to primary coil and a 6Q resistor is connected to secondary 
=20V 5 coil what is the current in the primary coil? 
Nese . me 20=5.0V i. ci 
~=2+5V ==xV=—-x 4 | 
j C. 1A D.1.4A 
\ Fae eel: 10 
. 6. 
Losses in Actual Transformer is 
The losses in transformer occur in core and winding. 


A loss free transformer has 500 turns on its 
in secondary. The meters of the seconda 
amperes under these conditions. 
primary is 

A. 100 V,16A 

C.40 V.40 A 


Types of Losses in Transformer 
Losses in Winding . 
j a rede of the windings of primary and secondary coils, some electrical energy 


is always lost in the form of heat energy. 
° Flux Losses 


primary winding and 2500 
ry indicate 200 volts at 8 
The voltage and current in the 


B. 160 V,10A 
D. 80 V,20 A 


: ; y agnelic 
The coupling of the primary and secondary is never perfect and whole of the mag 


j coil. This r ; in some 
flux produced in the primary coil does not link the secondary coil. This results i 
energy loss. 


iron Losses in Core 


Iron losses are of two types: Eddy current loss and hysteresis loss. 
(i) Eddy Current Loss 


Due to the periodically varying nature of A.C. supplied in primary, the flux associate 

with core changes and, therefore, eddy currents are induced it. sult in 
Eddy currents induced in the core are undesirable as they heat the core and resu 
energy loss. To minimize the eddy current losses, core is laminated. 

(ii) Hysterisis Loss i 
The altemating current flowing through the coils magnetizes and demagnetizes ine a 
Core again and again. Therefore, during each cycle of magnetization, some energy '§ . is 
due to hysterisis. To Minimize this loss Wwe choose material of core of smaller hyste" 
loss generally soft iron. 


ee 


ee e 
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_ Electronics 
Semmery 


oT Tie 


persia then 
i Dap fom 
and ; 
’ i Db &ad-~ On aoe On 
On 


Pprample If a fall wave rectifier CiTceH is operating 
frequency in the ripple will be 
‘ it 7 


rr 7 
: ily 


from 58 Hy manms. the fundamental 


“aL - 
Mites 4 M25 iy 


on - . J 1 f ' ‘ rms 
Seolut meds TS) { pei m fore vx rt 
ie wie that al inept 


. 
Nell-@ a res tfc athee Hw 


* 
. 
* 
* 
Draw Backs 
. 


Fell oor" Revtifc ater PWR) 


Advantages 

. 

a 

e r gra pared : auf Wave Rectificaterr 

Example: The clectrical corcuit used te get smeoth DX eutput from a rectifier circuit is 
called 


Solution: \ 


The diode shown im the circuit & a stheen diede The potential 
difference between the points A and B will be 
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Photon 


The P on sae santa Rael 
aoe presented the idea of light energy consisting of packets of electromagnetic 


° Einstein alt , 

Max plank explained the emission and absorption by the atoms from a pj ch 
™ 1 1: Ct > ‘ 

the form of indivisible packets called quanta. 
° Max plank put discontinuous (granular) nature of light 


. The beam of light with wavelength \ consists of 
stream of photons traveling at speed c and 


carrier energy hf, [he rest mass of pho 


2 Emission or absorption of energy is applied to its momentum also 
any oscillating system. 
. Einstein defined light in terms of photon which 
is called photon (particle) theory of light. 
> The particle nature of light has been observed in the Compton effect and pract 


been proved in Davisson and Germer experiment 

Salient features of photon: 

° A photon behaves as a particle whose rest mass is zero and it travels with speed 
3 x 10*ms™!. In other words, a photon exists as long as it is mo ng. It cea 
when it comes to rest. 

. Photons are electrically neutral and are not deflected in the presence of electric anc 
magnetic fields. 

. The energy of a photon is given as: 

B= Wf =" fAz=c 


This shows that the energy of photon depends upon frequency. (or wavelength) 


’ Momentum of photon is given as: 
As E=hf =m’ 
hf 
So  mc= v 
c 
My. eee 
Bee 
ae 
ee aquation 
° Rest mass of a photon can be calculated by using Einstein’s mass variation &4" 
m y 
— vo 
m= . >m, =m,/|- ~~ 
v c 
1-~ 
a 


Since photon is movin 
This shows that rest m 


g with speed of light ‘c? sov=c 
ass of a photon is zero. 
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iG” 
sof! air station is broadcasting the 


Daw 
nof Modern Physics 
; Waves of 
a ower of the transmitter is 10 KW 
1? 


Wavele 
» then the numt _ 300 m. If the radiating 
tis er of photons radiated 
secon 5 a’) B | e yI _ per 
)1.5 x 10° ) > * 10 C) | 5 x 1033 
A x D) 1.5 x 138 
g) fn be the number of Photons/s. then E = nhe 
jon: 
golul ‘ 
’ 1 Q> 6 
nhe _ 19x10 = pe ox!0 x30 3x10 ] 
_ 8 ae —— 32 ’ 
d 6.610 x 3x10) 6.6x 3x10 6 6610 =1.5x10 


CRITICAL THINKING? 
What happens to the energy of a photon When it strikes matter? 
A. It turns into heat 


: B. It turns into electrical energy 
C. The matter emits electrons D. All of the above 


If an electron and a proton having same 
wavelength. Which particle has hi 


gher 
speed? 


Example: A tiny particle of mass 10-% kg moving with a velocity of 10 cm s~ is associated 
with a wave of wavelength 


A) 6.62«107'8 cm 


C) 6.62«10? cm 
B) 6.62*107'? cm 


D) 6.62x 104 em 


Solution: A) 2. = as 
mv 


eeeex lt . x100 cm =6.62x10''cm 
10" x10x107 


CRITICAL THINKING 2 


, is Sé for 
Protons & Alpha particles have same wavelength, what is same 
» . 
both of them? B. Time period 
ce Ahh D. momentum 
. Frequency 


So wavelength 
e speed of 5 m/hr. So waveleng 


A body of mass 200 g thas x 104 Js) 
related to it is of the order (h=6. 5 102m 
A. om D. 107% m 
C.107° m 
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Topic-11 

when light of specific shop, 
W AV) 

Why, 


FFECTA 


tallic surface, 


CTRIC i 
: me 

The emission of electrons a cate effect”: 

-< incident on it is called “«Photoele 

is incl eth s wo 

é jed some Pole” H i - incident on cathode 
seni haan ie When ultraviolet light 1s Ine aa le curren {| 
4 ! curre ‘ anode in eu 

; udied the flow © : _ 

se which vanishes when no light falls. ih 

cir ‘ 


PHOTOELE 
across two Zn plates in a quartz vy. 


ty 
{ 
) 


@ | 
- Qh 


ton photoelectric Current: When the intensity, 


- { 
‘s increased the number of Photoeleetrs, li) 
P : Is 


Ny 
Nery 


negligible. ; 
Effect of Intens! 
frequency more (ha 
i e., the photoelectric cur 
Photoelectric current, a erat 
Effect of Potential on Photoclectri¢ urr fe tet Bete, a fixed potenti 
© On increasing the potential current first 1 ie _ 
reaches a maximum value known as saturation ae. | | 
e At a fixed negative potential al of photociecttl IS ZO. This ney, 
sntial is called stopping potential. aus . 
e Petrie eaeiat ee ee to the maximum Biss ie : photoelectrons, 
e The stopping potential depends on the frequency of the incl a lg on 
© The stopping potential does not depend on the intensity of the Incident light. 
Effect of Frequency of Incident Light on Photoelectric Current | 
A simple linear relation exists between stopping potential (maximum energy of em 


electron) and frequency of incident photon. 
hf= eV + do or hf = hak + do or Yo =hf— K.Emax 


ty of Incident Ligh 
han the threshold frequency 
rent also increases. 


joc] where | = Intensity of light s 


~ 


Slope of straight 


Current 


Photo Electrons 


“Light frequency (f 


Laws of Photoelectric Effect 
° The rate of emission of photoelectrons from a metallic surface is proportional 1 
intensity of incident light. 
If the frequency of incident light is less than a specific minimum (whatever the inten! 
light) electrons will not be ejected from the surface. 
ie minimum (threshold) frequency is different for different metals. gl 
e photo energy corresponding to threshold frequency is known as work function of mel 


he 
$,= hf,=— 
TI h, 
e < wy . ¥ >(]} I 
BB sii, of ip - emitted photoelectrons is proportional (linearly relate 
Cl . : . nh 08 ig 
: ent light but does not depend on the intensity of incident light. 


The time i > 7 ‘ a? ate PilbS 
interval of incidence of light on the metallic surface fail electron & 


negligible (less than 10-8s). ; 

S). 1..e, the process ‘action is instantancol 
Parameters of Photoelectric Effect Pp s of electron ejection is insta 
. 


Work fun i y | | 
ct - | ini . 
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ia) It depends upon: 
@ Th impurities present on the surface of the 
@ The nature of meta! metal 
fes unit are eV, joule and ery 
’ f material and 

(e) It isa property © not of emitted clectron 
Proto — sone k: "hose Clements that eject photons when high f 
incident on the material are called photo sensitive material Bh frequency light is 
Saturated photocurrent: The maximum value of : 
Duc to sopping potential the work done by 


finstein’s Explanation of Photoelectric Effec 
In interaction of light with matter light 
exchange or propagation of light is in the 
7 = he = 


t: Light has dual (wave and particle) nature 
acts as particle According t© quantum theory the 
form of small energy packets called photons. 


eh(f-f,) . a =hf -6. 


—_ a ‘ 
‘ie to Explain Photoelectric Effect: 
. completely failed « -xplain the experimentally established facts about 


kinetic energy of photoelectrons does not depend on intensity of 


Ho electron while an intense beam of frequency lesser than threshold cannot 


a an electron, it scatters with frequency less than that of incident 
used because of high energy (2 17.5 KeV). 


et ot hw 
iho « 


t . 
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Topic-11 : s ghoton has energy of 0.51Mev equivalent to rest mass en rey of ek 
velength. rach p + Dhneor 
h 2.43 x 107!? mis called Compton wa ae ; 
« Ad= mae ' ‘s)elrctron —_ 
* AA =0 when 0 = 0°. | sj 
gt wal gehen 0 = 90°, ot 
m,¢ 
© Ad =” when 0 = 180°. : 4 
aE Recos positron = 
Compton scattering seston 7 4 
antimatter: 


M Dirac theoretically predicted antimatter in 1928 
P.A. ; ie 
rs i - zy study of spectrum ¢ 
discovered positron during studs 
Anderson 


Every antiparticle has same mass, same Spin but oppo 
Eve! 


respective particle 


* Photoelectric effect and Compton effect are strong evidences that e.m waves behave is 
particle (photon). : 
* Compton effect proves photon theory of light. 


Proton 


Neutron 
Pair Production: a 
Decomposition of photon into electron, positron pair is called pair Production 
* Pair production can take place only if photon energy is greater than 1.02 Mev. 
* Energy equation for pair production is given as; 
© hf= 2moc? + K.E.. + K.Ee 4 
¢ Rest mass energy of electron or positron is moc? 


it 
Ie positre 
(= 0.51 MeV). ncn aay a 
* Condition for pair production is that hf>2moc? gamma-ray 
s 


6) nucleus 
Pair production cannot take place in vacuum 
¢ The interaction usually takes place in the electric 


Neutrino 


ras 


de-Broglie’s hypothesis (wave particle duality): 
All the moving particles behave as waves called matter 
length associated with moving particles is given by 
4 h 
= — 
mv 
my = momentum of particles 


h 

eo 

field in the Vicinity of a heavy nucleus so that there oe P 
is a particle to take up recoil energy and Aa A 
momentum is conserved. n 

* Pair production is materialization of energy hee? 
Annihilation of Matter: . 


Reverse process of pair 
* Itinvolves conversion 


An object of lar 
Production is called annihilation of matter. 


ge mass and ordinary speed has suc 
of mass into energy. 


Such as interference and diffraction are negligible 


Davisson and Germer Experiment: 
*rmer and Davisson using low energy elect 
¥ de-Brogtie’s hypothesis. They showed that elec 
etttly the dame manner as X — rays or any othe 
_ PTs ~ PREP BOOK 


ed move in PPosite direction to obey the law of conservation of 
momentum. 


ee 
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© prize in physics Clinto- 


in 1937 for their exo 


Pe 


cie: emitted by atoms of a substance. 


ncies absorbed by atoms of a substance. 
pectrum is caused by up transition of atomic electrons. 


at has characteristic emission spectra in its vapour state. 


fall into following three categories 


from condensed matter (solid or liquid). A black body spectrum is 


pd by a gas or vapour state of element. 


a is band spectra 


Pan electron in a hydrogen atom jumps from higher energy level to the lower 


sl. the difference of energies of the two levels is emitted as a radiation of 
wavelength. It is called a spectral line. Depending upon the order of their 
these spectral lines can be grouped into a number of spectral Series as 


Topic-12 


SERIES RELATIONS 


LONGEST 


310N ? 
REGI WAVELENGTH 


f l 
LVMAN | -~814—— 
fe tea sue UY 
SERIES | 4334s | 
esas! - Bs 
. l rl | 
BALMER | - =R/ —=-~ 
D UP Visible 
SERIES 
n=3,4,5..« 
ae PS Meet 
“ | | I l 
PASCHEN | —=R| Li 
: 3 3 n°) Infrared 
SERIES 
n=4,5,6...0 
| BRACKET 
| A 
SERIES | 


PFUND 
SERIES 


Example: If the wavelength of photon emitted due to transition of electron from thi: 


to transition of electron from fourth orbit to second orbit will be 


128 2 
27 


A) x ay =x 36 
ar ne 


Again a = 
x t 


16 ! 
AX 16 OR 
— — 
Kee Bee 
ae 
A poe 
27 


d orbit 
to first orbit in a hydrogen atom is 2, then the wavelength of photon emitted due 


92 


number of possible emission lines would be, 
———— _5= 
3 


C5 D.6 


obtained by following energy level change 


B.QtoR 
D.PtoQ 


Four lowest energy levels of H atom are shown in the figure. The 


Figure shows the energy levels P, Q, R, S and G of an atom where G is 
the ground state. A red line in the emission spectrum of the atom can be 
obtained by an energy level change from Q to S. A blue line can be 


What is the energy of the photon emitted when a 


hydrogen atom makes a transition from n= 2 ton= | 
state? 
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NUCLEAR PHYSICS 


Model for the atom to include protons, neutrons and electrons 
: lear decay/ the Law of Radioactive Decay 


e Simple 
d random nuc 


Spontaneous an 
Half Life and rate of decay 


° Biological effects of Radiation 
of Radiation 


e Biological and Medical Uses 
all part which exists at the center of the atom. ee 


e The nucleus is very sm 

Nucleus was discovered by Rutherford through his a—scattering experiments. 

The whole positive charge and almost t e mass of an atom resides inside the nucleus 
t is due to protons present in the nucleus, 


The charge on the nucleus is (+ Ze). I 
The radius of the nucleus is the order of 107!5 to 10-'4m.(fermi) 
1 


= 3 , 2 16 
n=1,A where r, =1.2x10°''m ang 


8 he whol 
a 


a If the nucleus is presumed to be spherical its radius 


A is atomic number. 
The constituents of nucleus are neutrons and protons. | 


number to protons, revolve round the nucleus. 
° In lighter nuclei the proton number equals the neutron number (N = Z) e.g. ,N" etc 


In heavier nuclei the number of neutrons is greater than the number of protons (N > Z) eg 


238 
OU edhe. .ete. 
90 
The neutrons and protons present inside the nucleus taken together are known as nucleons 


® 
n an atom electron equal in 


Isotopes 
The atoms of an element having same atomic number but different atomic mass number 


are called isotopes, e.g. 


I 2 “] 
Hydrogen ,H, ,H »H and Oxygen : xO 2 
e The mass numbers (i “all i ae 
Pet onaRi: (i.e. number of nucleons) of all isotopes of an element are different 
ce their physical properties are not the same 
4 Among isotopes of the sa 3 
me element, some may be stable and some radioactive. This iS 


due to difference i 
ce in their nuclear stru 7 
st 4 7a ‘ 4 a 
cture. For example ,C'is stable while .C * 


radioactive similarly , N® j i 
y ,,N™ is stable while ,, Na™ is radioactive. 


Isobars 
° The nuclei havin 
eae ms A ce nucleons (A) but different number of protons (Z) ate 
erent numb 
(a) ,H’ and He’ er of neutrons. 
bi ue (b) .C" and NI ns. For ie 
They differ in chemical properties 7 (c) ,O" and ,F 
e : 5 . 
Isobars differ in physical properties also 
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94 


Cranned with CaMCcanner 


= 
LU UCT: 
i mes 


a el discovered radioactivity 

laving Z > 8 

sz? 2 are unstable and they emit 

iioactivity. a, B and y rays: the phenomenon is 
fadioactive elements are Po (Z= 
ree. no. (Z) decreases by 2 and m 


A-4 4 


84) Rd (2=88) and U (Z=92) ete. 
aSs no. (A) by 4 


238 E 
———-> go Th™ +, He’ + 4.3MeV. 


article is electron or positron coming from nucleus. So it may be classified as: 
Y*+,e€ 


harge no. (Z) increases by 1. 


z+! 


24 24 0 
1, Na > ,.Mg +_,e 


graction only appears in f-decay. 
are massless photons; their emission will cause no change either in A or Z of the 
nuclide. y-decay is due to de-excitation of nucleus. 


U 


iad 
a) ——>2X* +7 


sign show excitation of atom 
>4\py decays by emission of a f — particle 


eus of the nuclide 5, 
n of an a — particle. Which of the nuclides shown is formed? 


followed by the 


C) 3; Np 
D) 3 U 


b )+4=> x= 237 
(-1)+2=>y =93 


a ——___* 
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Nuclear Pp, ? 
Topic-13 Y8igg 


Gamma ray 


Type of radiation 


y (can look differen, 
depends on the font) 


Symbol 


Mass (atomic mass 4 


Charge +2 =" very fast (speed of light) 


Speed ~ slow 
lonizing ability high Se ie a 


presented as follows: 


jum 
Penetrating power low med 


aluminium 


CRITICAL THINKING 2 


Part of the actinium radioactive series can be re 


Stopped by paper 


4,7 


wn yp 

What is the particle emitted when T¢ decays to Pb. 

B. B- particle 

D. Two B-particles 


A. a-particle 


C. One a- particle and two B-particles 


SPONTANEOUS AND RANDOM NUCLEAR DECAY 
© Radioactive elements disintegrate and emit a, B and y radiations. This process is called 
transmutation by spontaneous disintegration. 


° In the natural spontaneous disintegration of a radioactive material not all the atoms 
disintegrate at the same time. 

+ The process of disintegration takes place randomly, when a nucleus disintegrates, nobody 
knows 


HALF-LIFE AND RATE OF DECAY 


° Radioactive decay is a random process so we get idea of half-life. 
> The half-life T12 of a radioactive element is that period in which half of the atoms decay. 


° Half-life (Ti) depends on element and is not affected by any physical change 
chemical change. 


> Half-life may be classified as follows 
(a) Extremely short half-life Ti, in micro 0 
r nan 
(b) | Moderate half-life Tj in minutes. ae 
(c) Long half-life Ti in years, 


ee a ee 
96 
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a \ 2 


| = 
a 


oe Nuclear Physics 
aa: : 
— ATin = In2 © 0.693 
i re 2. is called decay constant depends v 
pon ature of material. Decz 

‘any element is equal to the fractic ravine ¢ ee et OF 
Snes it in <', Mm A the decaying atoms per unit time. The unit of the 
The decay curve shows that radioactive clement deca ; 

ape fA " : y Chpomentiall 

~ Half-life is used to identify an ator, z { 


J (At rt No 


~1No 

= ¢N, 

1/1, 

- ~AN/ At 
N 

T=12 


he half-life of a certain radioactive element is such that 7/6 of a given 
ec s in 12 days. What fraction remains undecayed after 24 days? 


__ Half Life of some Radioactive Elements 
_____ Radioactive Nuclides 
; 1) 


Half life 


8 days 
3.16 minutes 
15 hours 


fium-228 (Ra)_————_| 1600 years 
eaium235 (0) | 703 million years 


1.6 x 10° years 
4.5 x 10° years 
2.4 x 10° years 
52 seconds 

| 28 years 

6.66 hours 

3.8 days 

23.5 minutes 


y ity that decreases by half over equal time intervals is said to decay 
entially. 
¢ ity that increases by twice over eq 


entially. 


ual time interval is said to gro“ 


oT 
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Th tinge of the original quantity ofa radionetive material joy | 
2. The percents 

after five halfelives Is approximately i‘ 

c3% Dp. 20% 


C.3% 
\. When an animal dies each gram of ys 
particles each minute, Fach gram o 


iy 
rbon in jis body emits about lof) 
n from same animal remain, 


How old is the animal (Haiti, 


is found to emit 4p pa oo at ae 
of — tive carton is GON yen" 19, 6000 years 
A. 3000 years f, 18000 years 


C. 12000 years 


unage living tissues, The degree of damage and kind of damage dene, 


e Radiations can dé ah 
ijations lonize the body cell, and then \ 
MA pe 


and dose of radiation. Incident rac 
ed cell may die or begins to work in wrong way , 


is in such a way that they bepin to repr 


type, energy 
biochemistry of the cell, A damag 
sometimes radiation changes the chemistry of ce 
rapidly leading to a condition called cancer, 

e to ozone layer is done through following sources: ~ 


Cice 


© Damag 

(i) Chemical industry 

(ii) Nuclear tests 

(iii) CFC (chlorofluorocarbons) 

(iv) Aerosol sprays and plastic foam industry 

¢ Some’radiation in the environment is added by human activates like diagnostic x-ray, nuclea 
facilities, hospitals, research and industrial establishments, colour television, luminou 
watches and tobacco leaves. 
Effects of radiations are of two types: 

(i) Somatic Effect: 
These are direct effects on body e.g. skin burns, loss of hair, ulceration, stiffening 0! 
drop in white blood cells and contraction in eyes etc. 
These effects can be cured if the dose is small. 


(ii) Genetic Effects: 
These affect (alter) the chemistry of genes and cause mutation e.g, cancer, different syndrom 
ete. 


— HIOLOGICAL AND MEDICAL USES OF RADIATION 
er . 

_-14 is one of useful tracer that can help in the understanding of photosynthesis. 
. 1-13) and Na-24 are used to check eracks in pipes. 


* Radiation therapy is a process of destruction of cz 
1-131 ave used to treat cancers. eat OF cancerous cells deep into bod; 


=a =. OO 
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- Nucl 
; are treated by y-rays. “ar Physics 


ocesses in space give information about structure of st 
ars, 


ene is radiated with y-rays, it is polymerized int 


0 pol ie 
ft and flexible products. Polyethylene, Which is used to 


tion is a process of killing of germs with B-particles or y- 
reatment can preserve food and other eatables. 


rays. 


are used for preparing or measuring the thickness of high density and J thigh oo 
s such as steel, Al & rubber. In such gauges, Co ig 


-60 is used as y-Fays source, 
> used for preparing or pats pe the thickness af thin she 


4 for superficial skin therapy. ee. 
for deep skin therapy. vs, 7 
S (y-ray energy measurement) is applied to determine concentetter si 
sample and to estimate corrosion and wear of machinery. 


hhas given rise to positron emission tomography. 
” Pb — — 9U”® is used to determine age of rocks. 
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ation of A€Celeratio, 
i raph: 
N= Acceleration 


= Distance 


Velocity) (a - 0) 


(m = constant) 


R=R, 
oth projectiles is same) 
m height: 


Tagine 
Topic =< Version of 


a ae FBS 
_  —_—_—n ; 
2 poe 
3 Inte Formulae 4 


and Energy 


Work In the absence of Air: 
Dimension: Loa ; 
poe Oss Se att 
Work: (w]-[M L*1 n P.E = Gain in KE | 
- Ceere » by Variables Force: . 
W = Fa Work done b <e ig mMgh= my 


“Ad. cos @, + FAd, COS 0, +.....+ F Ad ¢ 
3 Fdcos@ W = fda, OO" O80), 


iW Fd (@ 0") W SF Ad, cos, 2gh=y 


thd 
1 


W..=-Fd (2 = 180" ) Power: In the presence of air: 
Ww.=0 (@= 90”) p AW Fad _mgh Pb KE Wm) py Loss in PE = Gain in KE + Work dane asin 
min ow Ay At t i; l t ——s Vv x. 
Graph: AW a friction 
pan, ae K.E and momentum: 
t — a d —_. 1 
-- 2 mgh=—my" +fh 
| =Fw 2 
| Pig =P ke-e 
(When ‘F’ is constant) = Fy cos? mgh = fh= Lon? 
Se ree Pas (@=0") ja |e ? 
Pp, =-Fv (@ =180") 
© K.Ex p 
Wo F (When ‘d’ & ‘6’ are P., =T.M=TOcos? KE 
sonnet When ‘v’ & ‘ @’ are constant 
oe PaF 
4 Pp 2 
x , Dp 
Wed K.E, -(™\2) 
(When ‘F’ is constant) K.E, \m J\ Pr 
Area=Fd=Work 2 
Units: F ~ - -(] (m = constant) 
e joule (S.1 unit) Rees ; 
¢ kilowatt hour (kW h) anergy: p= 2m K.E 
¢ calories (cal) G.P.E=mgh oh 
* erg (c.g.s) oa =p # (m = constant) 
i, = 2 . 
¢ electron volt (eV) eee a rhs ; 
= VK.E 
© WRWh-3.6 MJ Electric P.E = gAV an 
¢ = |cal=4.18 J 
=10-7 | ss I 
© lerg=10°"J K.E= > m(vv) =— mv? a 


© leV=1.6x10'9J 


K.E«y? (when m = constant) 
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Important Graphs & Fo 


TMUlag 
Topic -3 
Rotational and Circular Motion 
; d/s? 
Angular displacement (Revolution, a Henin? 
Degree, Radian): one - 
ev/ min? = rad/s? = 
S - e |rev/mi (60)! 1800 rad js? 
A 
. Dimensions: 
rn) >, [r *| 
1° = 0.0174 rad Centripetal acceleration ac: 2 (r=Constant) 
a J ee Centripetai accorr— 
(0 =a rad | tred=57.e | Veen net | ye Pee 
. =— Da =-|—7 |r =-@ 
Angular Velocity: mn r r E bc o 3 
on. = 46 | mv’ 
At a. — (v = Constant) r 
y=e@xF =e@rsin90" (n) E Dri 
v=re cf = oe 
r=— - 2K.E 
o v 7 = 
¥ r 
o-- | 2 
‘ (v=Consiant) pay 
Units: 2 ig F mr 
= ees ay (r= Constant) ! 2, ne ay 
= = 
e radian/s (S.1 unit) 2S . 
a, 
© rev/min 4, 
Neer mint=—~ rad/s. rad s 
60 3 
Dimensions: 
lu 4 : v Pp ti 
Angular acceleration: IKE 
Es sot vi 
a= = “abe Fina. (m=Constant) eet 
4 = Constant 
a q.er (w =Constant) Lane = ‘ 
= a on A Ve 
d=axF =arsinW (i) a, 
e-ra 
a 
s— 
a a, 
a=* F=mro* or  F. =-(ma*)r KE 
Units: ' yi Rar (@ = Constant) F« LU (K.E = Constant) 
am degrees/s* ano (r=Constant) r 
aa KETS- PREP BOOK 107 
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ae |}. a ee 
Important Gra & PF, 
0 
Gc , . . —UUla, 
F,| Vertical circle: 
| Non-uniform circular Motion: 
T=F.-weos@ 
= ./3gr—2grcos@ 
l 
. Tr 
Pe mrdacs 
‘ = 


= 
F= 4x? mrf* 
lal 
if 
4x°r 
a. = 2 
a, Ss e Note: 
e @is angle between T and w 
Horizontal circle: 
scorizontal circle: 
C) 8 
w 
T D 
a. =47" fr At B e D 
4q,  C=W 
® F.=T 
° v=./3gr 
if 
PREP BOOK 
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I A 

path difference = x -(ne5)a = (2n+1)> 
A 

Minimum path difference== x = z 
2mx 
phase difference= 9 = ——— 


9=1,30,97,--- 
Prin = 

guxx 

6 


x 
Wave speed v: 
A 
=fA=— 
Leap : 
For same medium, 
fia (v = constant) 
fr 4 
1 
fe 7 
/ 


a 
For different medium, 
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Le (A=constant) 
¥%, 
voc f 
£ 

v 
Principle of superposition: 
Interference 


Y=W+t, t+ Vy t--Vn 
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Important Graphs & F 


°: 
_ Wl. 
‘ " I 
Stationary waves ina stretched {= ie 
string/fundamental frequency and 
harmonics: f 
, FT: mass 
: La bs Where m =—— 
2 2Vm length 
{=x VF 


t a oI 
Stationary waves in stretched string or organ pipe open from both ends: 


Third mode 


Is 2nd aye n" Harmonics 
Harmonics Harmonics Harmonics Or 
Or Or Or (n-1)" 
Fundamental 1Overtone 2™ Overtone Overtone 


No of nodes= no. of loops+! 
No of antinodes = no. of loops 


vtu vtu 
i ” A= s A 
f (ser Ss ea 


iii. If Uo and us opposite to v, then uo and us 


1) When observer moves towards stationary 


F Second mode | ¥¥ mode | made 
2 : - 
harmonies 


Or 


iT a 
Over tone 


Nodes = Anti 
nodes 


Toe oS DQ Siaater 
ings gic 
closed 2) 
4) When source moves away from 
ler’s effect: stationary observer: 
General formula: oe 
f -( v+ u, 


5) When source and observer are moving 


Direction of v always towards observer. towards each other: 


as negative. v—u, 


it Ifu, and u; along v, then uo and us taken Pe: [ +Uu, \ 


6) When source and observer are moving 


taken as positive. away from each other: 


source: = als 

r-(**) f teeay 
v 7) When observer follows source moving 
2) When observer moves away from stationary in same direction: 

source: _ [veu, ), 
, (v-u = ~\f 

Ae =s o if vru, 

v 


F Wh follows observer moving 
When source moves towards stationa 8 ; ae 
observer: in sa : 


i na[ Pate] 
r= \y I “haa, | 


oo OS aaa 7 TT 
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Im rtant Gra hs & Form, i aa cid 


—_m rtant Graphs 


& Formulae 


: = -1 2 ’ 
Comparison of agement herntranmislt DES ifferent thermodyn ~ 2 5.85x10 2CON mM Poa cea 
; vee x fh Myee oU _KE 
) AW = AU = K.E = ga} 
| — ate Units 
nstant - 
! py=co Fre ~ Ane,6, 1 * 
vit = — 
| Foe coulomb 
t eae oe 


(For vacuum) 


1.0006 (for air) 
(always) 


Electric potential: 
Adiabatic 


¥ 
P 
Rapidly | ¢- AQ 
decreases MAT 
v c=(0 
hes A a 
: ‘ « ¢ has no units. 
| Vector Form of Coulomb’s force: 
=z yector Form of Coutoms force: 
> 1 42 > 


ec 


2 
4me, © 


Electric field intensity F : 


Electric field as potential : 


en a i, 


os 
7 aN 


- 
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ae 


QO 


Capacitance of parallel plates capac 


coulomb 
volt 

oe farad(f) 

Facer" 


c= 


itors: 


U.« V 
u,| Y 
| 
y? 

U -loy 
“rg 

J 
U,=- QV 

3 g 

o 
U.= = 
e IC 


Energy = steel 7(Al) 


Energy 


Energy density = 


4 


J 
density = ~£,£, > 
Energy density 3 oe 


Charging & discharging: 
RC = constant 

RC = time 

RC at 

ohm» farad = second 


i £,6,E" 
Volume 2 


Topic - 7 
Current Electricity 


v ie 
52 
ie 
I 


a V constar 
4Q R 
gar 
ae 
ar 
Unit 
“ampere (A) 
in eto : Unit of R: 
if Ohm (Q) 

ki Fe Ohmic conductors: 
n= electron density For metals, 
y,=10°m (for metals) ad 
(4] 
OHM’s Law 
y os Non Ohmic le ort nahn cto 
[=— 

R 
inc 

" 
var (keeping | constant) 

* err Bote For filament 


| k a ie 
a (keeping R constant) 


SI 1-V Graph =o =—\=0n6 
lope of a seteaog = 
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Slope of V-1 Graph = R=tan@ 


Specific resistance or resistivity: 


> 
RL (keeping A constant) 
: 


L 


\ 
Re ‘ (keeping L constant) 
K 


RA 
> 
I 
Units: 
Qlm 
- | | 
Resistance (R) =—_———- = — 
conductance o 
Ra I 
Co 
R 
| x 
? ic 
1 
conductance =o =————_ 
resis vance(R) 
Units: 


mho or Siemen or Q* or O 
| 


conductivity « ————— 
Resistivity 


| 
o=— 


p 
Units: 


ohm'm' or mho m"' 


oS Se 
KETS- PREP BOOK 


Temper 


ature coefficient of resista 


Units: 

| 

K' or — 
K 


Temperature and resistivity: 


P(an)| 


T(C) 
Approximately ohmic 
Electric power: 


Work done by battery= AW=Vx AO 


p= AW =V AQ 

! “Mt 
P=VI 
PoV (keeping | constant) 
& y 

| 4 
4 
Hs 
V 
Pa! (keeping V constant) 
P / 
\ 

Va— 


(keeping | constant) 


Possible formulas: 


Der 


Pol (keeping R constant) 


Important Graphs & Fy 
2Tmula 
G 


Important & Formulae 
E>Y¥, 
P | iii-Charging: 
| } E=V,-Ir 
| vA By, 
~ 1 


pocR (keeping | constant) 
p we 
Hi 
vi 
fi 
| y 
er 
Vv 
PR 
pa? (keeping R constant) 
| 
le | 
| 
——————— “y 
pas (keeping V constant) 
P 
Ls 
‘ \ 
are 


Internal resistance of supply: 
AW 
Emf E=— 
ee 


e volt 
| joule 

© lyvalt = 

1 coulomb 
Cases: 
i. Open circuit: 
E=IR+Ir 
E=IR=¥, (1=0) 


ii, Discharging: 
E=V,+Ip 


Maximum power output: 
ye 
Pow = 
Mn ae 
a (keeping R constant) 


Frew 


Brightness of bulbs: 
Series combination: 
Brightness «  Pconsumed 
Brightness « PR 
Brightness « R 


Ve 
Prated = =r 
Prated «a ae 
R 


Parallel combination: 
Brightness « 


Peoneened 
2 
Brightness « — 
° R 


Brightness « 4 
R 


1 
Prated « = — 
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Important Graph 


S& Fo 
=MUla, 
Topic - 8 
Electromagnetism 

: F 
Magnetic flux & flux density: 
¢, = B.A 
¢, = BAcos@ 
¢, = BA (9 =0°) - 
¢, =—BA (@ =180") F 
d, = fom = BA (@ = 60") 

a: 2 

ro Pam (0 = 45°) 


B 
Path followed by charge Particle in 
goa es (0 =30") magnetic field: 


> If angle between v and 8. 
smn = 0 (8 =90°) @=0° /180° path is Straight line. 
Flux density = B = $n Salat ae 
A 90 < @ > 0° path is helical. 
180° < @ > 90° path is helical. 
Units: 


FaB 


sn ee tes Charged particle in electric and magnetic 
meter” field: 


B=NA'm"' =1T = far 
Force acting on a charge particle in a iow i 


uniform magnetic field: Lorentz force 
F =9(vx B)=+e(vxB) 


F =F; +Fe 
F =qvBsin@ F=qE+q(vx B) 
te F F Be(ysp 
qvsin@g F=q[E+(vxB)| 
Fux = QB (O= 90°) Charge to mass ratio © - 
F=0 (9 =0° or 180") mv Pp = 
F = Tas (9 =30°) qB qB 
roy 
Fag ‘ 
F 
v 
q re 
Fay 3 
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Im t Graphs & Formulae 


‘| =1.75x10"'C kg” 
TM } cieciron 
\ 


) =1.0x10°C kg” 
Proton 


E -(<} =0.5x10 C kg"! 
™ } dipha 2\m proton 


2Vm 


} a 
Br 


rece V = constani ) 


IS 


ro lV (B=constant) 
= 


(E=constant) 
he 
z oc E (B=constant) 
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Important Gra be 


Important Graphs 
Topic - 9 e 


Topic — 11 
Dawn of Modern Physics 


Electromagnetic Induction 


Faraday’s Law: Transformer: 
V \¢ Vv N 1 Aa + (m = constant) 
e=- ll id aK. ta ll LOS: , 
v rn £ pan 
: ; me ! . : 
e NBAA NBar (for Circular Coil) VoN , im Aa - (E constant) 
\V NV Vs eohf 
EaN ? a fh: A : (mV a tant) 
jen i re constan 
gas ve 
Hy 
& | f Ac + (for same charges) 
a 1 f 
| Vie — / Determinati 
Lv soe, r ination of no. of photons 
N Vs ; he E, =nhf 
\e Ai 
&« ur h n=number of photons 
Py 
€| E, 
| Ys sage 
| k yer hf 
| Ps Ideal Transformer: A EA 
~f P =P P r= Sea fia = 
ited impet — * campus he A 
Av. yl =F, 3 eC 
ae vi h = Constant 
Effiency = = ———— = —* = *+x]00% eck . 
inpue PV, nod 
Topic -10 Wave nature of particle: a 
* hoh 
Electronics ts 
pom 
Rectification: ii. Full wave: 
f P=V2mE = J2meV 
i. Half wave: r 
ie. P 
fe dogo 
~ Pai 
PS eee a 
Fae 
| . fini= 2(fousput) 
‘y Sis | : }, - 


For filtration capacitor filter is used 
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Atomic spectra 


x= 
_ 


| 
Spectral Series > > = R, 


Yi ee 
Series ~ Formula | Region 
__| rr 
Lyman | tal 5-2] U 
series oo ee 
_ Balmar 1 -n,| 
series 
Paschen 


series 


Bracket 
| series 


b 
Pfund series | 


Important Concepts & Rp, 


oTMUlag 


Longest Shortest 
Wavelength Wavelength 


| 


Ry) = Rydberg’s constant= .0974 x 10’m'! 
n(n- 1) 
<i) 


< 


No. of transitions = 


Or 
n(n—1) 


2 


No. of spectral series for n" state = 


n= higher energy state 


Ratio = 


2 
Aonges egal 

 <¢ 2 

Ave 7 =P 


p = lower energy state 


n=p+l 


To find no of neutron in a nucleus 
=>N=d -Z 
s of nucleus: 


yp =l2fm 


7 


Volume of nucleus: 
V= Sar 
“4 


3 
Var 


VoAd 


Topic - 13 


Radioactivi 
a -decuy 


B ca decay 


Ye oei i+ Hel 7X, + Se 


24 
26 - 7 par 
Ra aRn+3He | Th> a+ 4e 
s 


Dependence: 
Radioactivity is purely nuclear phenomenon, 
does not depend on temperature, pressure, 
electric field & magnetic field. 
Half-life: 
AN =-ANAL 

AN 


eae 
ar 


Decay constant: 


n= no of half-lives 


Graph follows this equation w 
It is exponential decay, 

Por decay rate (Activity) 
A=Ae~ 


= Ne a 


Relation between 1.&T, 


fees 


yee 
This graph is for 1-128 
Aly, = 0.693 


Mean lifetime: 


For carbon dating 


{= Fin( * 
A N 


12 


Cranned with CaMCcaNnNer 


anes Kitab Dost Publishers (Pvt.) Limited 


5/6 D-1, Khayaban-e-firdousia, Johar Town 
L2*I9D = Near Hockey Siadium, Lahore. (@) 0345-0900390 


vy Se wv Peles KIPS ., KIPS 
iPS (pemmemamersee *!°S ) SCFM. COLLEGE <% PREPARATIONS 


SYSTEM 


Head Office: 30/A, Johar Town, Lahore. 
e) 775 (f) kips.edu.pk 
(@) kipspublications | kipsedupk (@) 042-111-547-775 ©) kips.edu.p 


Ccanned with CaMCcanner 


